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Fait Fretidtnti.— Jamkb D. Dana of Kew Haven ; James Hall of 
Albany ; F. A. F. Barnard of New York ; J. 8. Nbwbbriiy of New York ; 
B. A. OouLi> of Cambridge ; T. Sterrt Hunt of Montreal ; Asa Grat of 
Cambridge ; Josbfh Loverinq of Cambridge ; J. B. Hiloabd of WasblDg- 
ton; Simon Nbwco»b or Wasblngton; 0. C. Mabsh of New Haven; 
Okobgb F. Babkrr of PhlladelpbUi Oeorob J. Brubr of New HaTen) 
J. W. Dawson of Montreal ; C. A. Yoonq ofPrlnceton; J, P. LKSLRYof 
Philadelpbia ; H. A. Nbwton of New Haven ; Edward 8. Hobse of Salem. 

Vice Pretidmtt of the Liut Meeting.— J. W. Gibbs of New Haren ; C. F. 
BRACKKTr of Princeton; H. W. Wii.»r of Washington; 0. Chanutr of 
Kansas City; T. C. Chambsruit of Waahlngtoa; H. P. BowDITCH of 
Boston; Horatio Halk of Clinton; Josbpb Cduhinos of Evanston. 

Offlcen of the Freitnt Mteang. — 3> P. Lanolrt of Allegheny; J. R. 
Eastman of WsshingloD; W. A. Anteont of Manchester; Albert B. 
Frescott of Ann Arbor ; Ecki.et B. Coxb of Drifton ; G. K. Gilbert of 
Washington; W. 6. Farlow of Cambridge ; D. G. Brinton of Media; 
Hbnrt E. Alvord of Amherst; F. W. Putnam of Cambridge; W. H. 
Fetter of Ann Arbor; J. C. Arthur of Qeneva; Hbkry M. Padl of 
Washington ; C. Leo Meeb of Athens ; B. B. Warder, acting for C. F. 
Mabert of ClcTelaud; Gro. M. Bond of Hartford; William M. Datis 
of Cambridge; J. Henrt Cohbtocr of Ithaca; Charles C. Abbott of 
Trenton ; W. R. Lazenby of Colorabas ; William Lillt of Mauch Chunk. 

^om the Aetot^ation at Large. — A Mlow elected from each Section. 
Henri Farquhar of Washington (A) ; T. C. Mendenhall of Terre Haute 
(B) ; 8. M. Babcock of Geneva (C) ; Mansvield Mbrriam of Bethlehem 
(D) ; J. W. Powell of Washlngtoo (B) ; E. D. Copb of Philadelphia (F) ; 
Amis W. Butler of Brookville (H) ; C. W. Smilbt of Washington (I), 
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FOR THE NEW YORK MEETING, 

PreildaUi Bbv. F. A. F. BaKd^ibD, B.TJ>., LL.D., Ii.R.D. 
Ron. CHADKCBT H. DBPKW. LL.t>» BBV. H. H. MAOClUCKBir, DJ>., LL.D., 

HOH. ABSAH 8. HawiTT, LL.D., HoBns S. Jsaup, Esq., 

Hon. Okobob Wiluak Citrtu, ll.d., Prov. J. S. Nbwbbkbt, H J>., LLJ>., 



SterOani' Faor. Qekmam Lb rot Faibohii.d. 
TVtantrtr. Gbh. TBOIUB L. jAMBt, LL.D. 



DOld, Samuel P. ATery, W. H. Appletoa, Benjamin H. AHerburr, Rev. Anion t. 
Atterbury.E.&lleryAnderton.Hna.WUllBiD Waldorf Aatar,Bev. Dr. GeorsB Alexan. 
der, B. a. P. Arnold, M.D., Hon. Addiaon Brova. A. A-Branaamap, ]«aao Bell, Henry L. 
BreTOOrt. Dr. N. L. Briiuni, Wllllim Allen Butler, LL.D,, David Banks, Pror. Rturj 
K. Batrd. Pror. Charles B. Bruah. Ssmaal D. Babcock, Adam Badoau, Hon. George C. 
BarreU, Jamsi W. Beekman. 8. G. W. Benjamin, Prof, Albert 8. Blckmore. ReT. C. De 
WiU Biidgeman, Charles Butler, LL.D., A, C. Bamea, A, 8. Barnes. Han. J. C. Baylea, 
A, E,Beaeti, Dr. J. F,BBCtershBlt, nailer B. Barret, Hon. Henry B. Beekman, Be*. II. G , 
BIrchby, Edward Blarstadt. Hon. John BIgelow, Ueber B. Illahap. Cornelius N, Bl\ss, 
Frank S. Bond, Bar, P, A.P. Barnard, LL. D.. Augnul Belmont, Pordroe Barker, M. D. 
8. L. M. Barlow, Jobn Crosby Brown, William Allen Butler, Silas B. Brownell, George 
W. Beale, Predorick A. Booth, Uarcoa Benjamin, Rev. Wnlter D, Baohaoan, Louie H. 
Bnrr, Blrdieye Blokeman, Prof. H. C. Bolton, Hon. U. C. D. Borden, Etev. Dr. D. B. 
Coe, Hon. George V.CuitIs, LL.D., Alfred L.Carrail, H.D., Prof. Alfred G. CamptOD, 
Charles P, Coi, Rer. Hownrd Crosby, D.D,. LL.D,, James C. Carter, LouIb P. Ui Ce>- 
uali, Josepb H. Choate, Darid H. Cochran, William H. Chandler, Gen. Georgs W. Cal- 
Inm, Jamea U. Conatable, James B. Colgate, Prancia Colllngwood, Prof. Charles F. 
Chandler, John B.ComeU, Albert Crane, AloDio Clark, M.D., William N.Crane. Uev. Dr. 
Bobert Collyar. Rer. Edward L. Clark, Bobart Cai-ter, Peter Carter, B. B. Chamberlin, 
L. E. Chittenden, Bon. Air^«d B. Conkllng. Hon. Edward Cooper, Henry Clewa, Prof. 
George H.Cook, TIacent Colyer, Thomas B. Clark, Poster Coatea, Henry Guy Carleton, 
F. Q. Dadley, P. W. Deroe, Bay. Dr. Chsrlea F. Deema, Prof. R. Ogden Doreniiia. Hon. 
Noah DbtIb, Prof. E. H. Day, Hon. Charles F. Daly, Henry G. De Poreet, William 
Dorsheimer,Joeeph W.Drexel, Prof, Henry Drlaler, Prof. Theodore W. D wight, Henry 
Dndley, John W. De Peyaler, Kdward F. Dalanoey, WlllUm B. Dodge, Jr., Edward N. 
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Dlckeraon, Rar. BanJamEu r. De CoiM, Hiaurin L. DelaOald, R«T. Dr. Moiran Dlz, 
ChBTiM Ua KB7, Henry Day, Bst. Edward U. Deems, W. B. DJasmore, UslTll Dewey, 
Cbaanoer H. Uap«w, LL.D., Heary C. Dura], Cbarlea H. DaTli, Henry Bdwards, 8. 
LoveU EUIolt, Hon. WtUlam M. Eyaita, John Elliott, FranUin EdioD, Prof. Thomas 
Eglegton, Dr. Artkni H. Elliott, BeoJaailD D. Field, Cbarlea D.rneman, C. De Peyaler, 
Field, Gen. Jamea B. Fry, Prof. Herman Lb Uoj Falrehlld, Ojrna W. Field, Darid D' 
Field, Kon. Hamilton Fish, Valentine MottFr»nnl»,MJ)., Slay T8«antPt«h,L. P. Farmer, 
laaae M. Ford, Klchard A. Farrelly, LoDls P. GraIacap,E. L. Graer, Barclay Gallagher, 
Jamee Gallatin, B. Swain QlffDrd, Gen. Qnincy A. GlUmoiv, Malcolm Grabam, Bod. 
Andrew H. Greene, Joba A. C. Gray, R. Buydam Grant, Asa Bird Gardiner, Hon< 
William B. Grace, Dr. Egbert Guernsey, 8. Baatlnga Grant. Norrln Green, E. A. Good- 
ridge, M.D., Jamea A. Garland, George J. Gould, George A. Gordon, James Gaylor, 
ArtbaTHolllek,Dr.AlbertC.Hale,BeT.G.D.Hulat,J.D. Hyatt, Prof. DaalelW. Ber- 
ing, J. Henry Harper, John W. Harper, Joaeph W. Harper. Jr., Hon. Abram 3. Bewllt, 
LL.D„ William W. Hoppln.Jr,, RJohud 11. Hunt, E. Francia Hyde, Daniel Hnntlng- 
tOD, Wlleon G. Rant, Key. Dr. Geoisa U. Hougblun, Thomaa HIcke, Bar. Boewell D. 
Hitohcook, Ber. Dr. John Hall, Fmnnla Unatnce, U.D., N. D. C. Hod«ea. Bobert Hoe, 
Jr., Dr. J. B. Holder, Kty. Dr. C. B. narrower, Alfred H. Hoyt, Jamea HaTemeyer, Bev. 
B. D. Harlan, CoUla P. Huntington, Bbt. Dr. William B. HantlDgton, Ber. Jnroee H. 
Hoadley, Bar. Dr. Samuel H. Hamilton, Ber. Edward Hopper. Ber. A. W. Hulaey, 
William E. Hidden, Hiram HItcbcock, Jobn H. Hlnlon, M.D., Prof. OP. Hubbard, 
Bt. Rev, W. L. Barrle, Or. Frederick Homnan, Bbt. Dr. E. A. Hoffman, WIlllHm F. 
Holwll, C. T. Hempalead, C. O'C. Henneaiey, Adrian laelln, Braytoo Ires, Uorrla E. 
Jeaup, Abram Jioobl, U.D., I^urence Johnaon, M.D., Dr. Alexia A. Jnllen, Jobn Tay- 
lor Johnaton, Edward G. Jaaeway,-JameB B. Jobnaon, George Jonea, Edward S. Jaf- 
fray, William L. Jenklna, Jobn C. Jay, Jr., M.D., D. WllUa Jamea, Robert JafTTay, Gen. 
TbomftiL, Jamea, Alexander J affray, Geoi'geF. Enna, Alexander P.Betehum, Cbarlea 
Henry Kitchel, Jotin S, Kennedy, Jamea F. Kimball, Prof. Clarence King, Robert 
Lenox Kennedy. George Kemp, Edward Kemp, Eara M. Klngaley, Rev. Arthur C. Kim- 
ber, Hon. Frederick Kuhne, Ellaa Lewis, Jr., C. W. Leng, Franols W. Leggett, Prof. 
Allied L. Loomla, Charles Lanier. Charlton T. Lewla, Ablel Low, A. A. Low, Hon. 
Setta Low, Henry E. Lawrence. Louis Long, Robert J. Llringalon, Hon. Richard L. 
Larremore, William LIbbey, Charles H. Leland, George De Forest Lord, Wllllnm F. 
Lee,BeT.Joaoph J.Lampe.Dr. LoniaH.Landr.Pror Albert B. Leeds, Prof. W . Goald 
Levlson, Edward V. Loew, Benjamin Lord,U.D., G. S. Lord, Prof. George W. Hay- 
nard. Henry G. Harquiind, F. J. H. Uerrlll, Wf Iter H. Mead, Pror. George H. Moore, 
John McMnllen, Prof. Alfred M. Unyer, B. B, Mtntum, J. Plerponi Morgan. UouTer- 
aeur Uorrla, Charles Hlnlnm, William H. Macy, Hon. LotI P. Morton, Homer Mor- 
gan, Tloe Chancellor H. M. McCracken, LL.D,, Edward B. Miller, £wen Mclntyre, 
Elbert B. Monroe, Prof. A. E. Macdonald, Rer. D. Parker Morgan, Bey. Franvia H. 
Marling. Albon P. Man, Jobn McCay, Rer. H. T. HcKwen, Prof. Edward W. Martin, 
KeT. E. MoChasney. Bbt. B. MoArthar,W. C. Martin, Prof. D. 3. Martin, Hon. SI. Clair, 
McKelway, Henry Monelt, Anton Kelirbaa, Prof. Jobn S. Newberry, LL.D.. Stepbea 
P. Mash, Henry D. Noyes, Jose F. de Navarro, Oswald Ottendorlbr, Hon. William 9 . 
Opdyke, Peter B. Olney, Henry A. Oakley, Hamilton Odell, H. F. J. Porter, Dr. Lucius 
PlUln, HaT. W. W. Page, Eey. Dr. Charles H. Parkhurst, Dr. C. E. Pellew, W. C. Peck- 
bam, Emllo PalQtar, John E. Parions, Prof. Cbarlea Inaleo Pardee, Prof. Henry G. 
Pimtd. Jamea 8. Page, J. F. Poggenburg, Rer. Dr. John R. Paxton, A. H. palmer, 
Charles C. Farmelee, Ber, Vincent Plsek, Prof. George W. Plympton, William M. Polk, 
Horae* porter, Rt Rev.Hanry C. Potter, Percy B. Pyno, Hon, W, W. Phelps, Francia A. 
Palmar, Temple Prime, Willard Parker, Jr., M.D.. William C. Prime, Henry Edward 
Pellew, Hon. Edwards PlerreponC. Hon. Orlando B. Poller, Prof. Roasiter W, Raymond, 
Prof. W.H. Budkin, Prof. Ogden N. Rood, Gea.T. F. Bodenbongh,T. Addison BIchnrds, 
JennessBiobardaon,BowellC.Beese, George L.BiTes,S. A.Reld, 11. H. Busby, H.D., 
Dr. Cbarles Rloe, RaT. William 8. Rainslbrd, Whltelaw Reld, Lewis M. Ru lb erford, Wil- 
liam Btalnelander, Hon. Robert B. BooaeveU, Hon. J. Hampton Bobb, Jobn Meredith, 
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Bald, Jr., Hon. Thei>dars Boowrelt, Hot, S. B. RasBEier. ReT. Dr. CbtrlM S. Boblntoa, 
Cliarlei Blue, Or. Pierre de P. BlckelM, Prof. J. K. Bew, Jickion D. Stewud, E. B. 
SoDthwIck, Prof. W. I<e CanCs 3te>eni, Oeorge B. aeoneU, Ret. Dr. Q. W. SimBOn, Giu- 
UT &ehi(ab, De Witt J. SeUgiKan, Edward J. Slmmoni, Edirln A. Scbal^ie, Samuel 
Sloan, Prof. Joupfa BebreDk, F. La Bo; BnUerlee. H.D., BaT. Dr. Pbllip BctwIT, Jotm 
Sloane, George H. Smillar, JamaiD. Smlllle, Gllbarl H. Spalr, Hues SUodlsh, Praderlok 
W. Bteveoa, Oarmt P. Sorrlaa, Bar. A. B. Simpsoo, Paul N. Spoffbrd. John Anatia 
aceTona, Edward 8«ba1l. Fraool* A. Stont, William Henrj Schieffblln. Cbarlei A. Sllll- 
mao, EUlol F. sbeiwrd. William Bteinway, BiilbertOrd e(ap>eaaiic, William C. Bobsr- 
merhoni, Samuel J. Slom, Tiieron G. Strong, William L. Skldmore, Prof. J. J. StaTon- 
aon.IT.A.Schernierhoiii.A. B.aLinie,JohnH.StarIii.Uearyaheldan,Dr.SeeplieaSmllli, 
Hon. A. 8. SnlliTBD, AppieCOD Sturgla, Build SmICb. Gattav H. Sebwab, William H. 
StBloer, EOT. Dr. Boderlck Terry, Prof. William H. Thomson, Prof. W. P. Trowbridge, 
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llMn McK. Twombly, JohD U. Tuoker, Alflvd W. TroIUr, Dr. William U. Taylor, J. R. 
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derpool, Jenkins Van Schalck, Hon. C. H. Van Brunt, William Voorbla. Comellaa 
Vnnderbllt, Alft^d Van SanlTOord, Hooper C, Van Voret, Bei. Dr. Harrln B. Vincent, 
WiillBm K. TanderWlt, Bot. Henry J. Van Dyke, George W, Vanilorbllt, Jatnea M. 
VnmDm, Klliaen Van Benwelaer, WarDor Van Morden , Oon. Egbert L. Vloie, Frederick 
W.TanderbJIt, Col.J.B.VanWormer.Pror.B. P.WhltflBld,Prof.W.B.War«,Dr.JDbn 
S. WhlLe, William Wood, Gen. Alexander S. Webb, Frof. Adolpb Werner, William A. 
Wbeetook, Prof. Rudolph A. Witthaas, Prof. Faneiill U. Weleaa, Fred, W, WhlUrldge, 
Bgerton L. Wlnthrop.Audraw Warner, Jobn A. Weekea, Charles W.Wstmore, Erarstt 
P. Wbeeler, Boa. William H. Wlckham, Rer. Daniel C. Weuon, Rer. D. G. Wyl]«, 
Cbarles H. Woodbnry, James B. Wood, Bar. J. T. Wilde, Timolhy B. Wllliama, ReT. 
John U. Worrell, William H. 8. Wood, Bon. H. Waller Webb, 4. Woodward, A. 
Coolldge Warren, Dr. Charles B. West, Jamei Gi-ant Wilson, Rlcbard Welgbtmaa, 
W. J. YDumane, liJ>., Bei>. J. L. Zabrlskle. 

EXECUTIVE COHUITTEE. 

9 Che oDIaen of tlie 



LADtEB' BECEFTIOM COUUITTEE. 

Chairmaiu UrB. A.B, Stone. 

Sterttarjt' Miaa WiNirBED Bimibrton. 

IVenMireri Mas. STlvanub Bud. 
UIsi Helen J. AKkIn, Mrs. 7. A. P. Barnard, Ulss Adellna Bierek, Mrs. Uary Taylor 
Bleeall, M.D., Uis, Vlnceoio BoUa, Ure. Elliabelh 6. Briuon, Hiss Annie Brown, 
Mrs. Bryee. Mrs. Benjumln Chnrub, Miss E. a. Conant, Mrs. Wlntbrop Cowdlo, Mn. 
1. C. Croly, HIsa Elliabelh Cuahier, M.D., Mrs. Honry Day, Hre. HelTil Dewey, Hra. 
L. P. Dl Ceanola, Mra. Judge Dilloo, Mrs. Uury Maps* Dodge, Ulai A. M. Ely, Mra. 
Ktchola* Fieb, Mra. J. A. Gallaher, Mrs. Jeannette B. Greene, U.D., Mrs. E. H. Hani- 
man, Hra. VtrglnU K. Haaeall, Mrs. William S. Relmnlb. Mrs. Henry Herrman, Hia. 
Abram S. BewlH, Mlse T. R. M. Hitchcock. Mrs. J. C. Haogland, Mra. Robert Hoe, 
Ure. BIctaard U. Hoe, Mra. James 9. Holllnshead, Mrs. Mary Putnam Jacobi, M.D., 
Mra. John Taylor Johnston, Mrs. Martba J. Lamb, Mrs. Hamilton W. Merrill, Mn. 
Leri P. Morton, Mrs. J. O. Mess, MiB* Amelia Murray, Mrs. W. B. Ollrer, Hn. Bernard 
Peters, Hise Bulb Pulnam. Ulae Geraldine Beed, Ura. Latham G. Beed, Mrs. Ruasel 
Sage, Mra, Henry Sheldon, Mrs. Henry H. Snow, Ure. A, B. Stone, Mrs. J. S. T. Stran- 
aban, Mrs. V. C. Taylor, Mra. James L. Trnalow, Mrs. Comellns Tan Brunt, Mra. Cor- 
neUoB TanderbllE, Mra. Henry Vlllard, Mile Lillle E. Warren, Mra. C. T. Wella, Mn. 
John Wllmerding, Mra. F. K. Wiacbnewetiky. 
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LOCAL COMKITTEK 



COMMITTEE ON INVITATIONS AND BBCKPTIONS. 
P. D&HIBL 8. Maktim. 



Ber. Auxin P. AtterbnT7, JimeB H. ConaUble, Bsmunln H. Field, Nlobolu TUb, 
Dr. J. B. Holdsr, Abnim JuobI, M.D., Hod. Seth Low. RC Bar. Hanrj C. PolMr, 
B. A. &«ed. Prof. J, K. R««a, Cbarlea H. BookirelJ, F. Aug, aebemwrfaoni, Stc|>tien 
Smitb, H.D., Prof. 3. J. StaTaawHi, Hon. AlgarnoD 8. 8ii1I1tui, CapC A. W. Togdna, 
Can. Alex. 8. Webb. 

COHUITTBB OK FINANCE. 
Ckabmaiu GBir. TuONAa L. JIMBB. 
Stortlarfi Hr. Gbokob F. Kuhe. 
B. L. K. Bm-Iot, Wallar U. Bunt, Han. M. C. D. Borden, Lnclae B. CbittmdaB, 
Tbomii B. Clark. Henry Clewa, Hon. Alfred B. ConkllnK, Hon. Edward Coopor, 
harles F. Cm, Frederick W. Deroe, Henry Dudley, H. C. Duial, Prof. Thomi 



a, Ctwrlea D. Fleeman, Jamei A. Garland. Jamei Oaylor, Qeorge J. 
B. HiDlon, M.D., N. D. C. Hod^B, BoberL Hoe, Jr., Braytoi 
Sabne, Vice Chano. H. HaaCnokea. LL.D., A. U. Palmer, Cbarlea C. 
Howell C. Beeae, QoiUt H. Soliwab, De Witt J. S«llgaian, KUlot P. Shepard, 
SUnmona, William H. Btlner. Appleton Slorgia, Bnatell Slargii 
Frederick W. Vanderbilt. J. K. Van Beniieleer, CoL J. B. Va 
Walter Webb, William A. Wbeelook. 



COMMITTEE ON BOOMS. 



nld, John 



ParmelN, 
J.Edward 



u Mb. Meltil Dkwbt. 
I UK. H. F. J. POBTBB. 

I B. Fry, Henry Uarquand, prof. Georse W. Haynard 



COMMITTEE ON HOTELS AND LODGINGS. 
Chatrmaiti Laubbhcb Jobnsok, MJ>. 
Stcr^an/i Db. H. L. Bbiitoh. 
a. L. Carroll, H.D., Prof. B. H. Day, Dr. Artbur H. £lllaU, Artlinr Holllck, Frank 
Huataoe,UJ>.,Henry H.Baaby,M.D., E. A. Sobultxe. 

COMMITTEE ON TBAN8FOBTATION ASD EXCUBSIONS. 
Chalriimi Mm. Hehbt HotnsTT. 
ScorttoTjii Mr. E. B. SOUTH WIOK. 
W. F. Allen, Hon. Henry B. Beekman, Prof. Qeorse H. Cook, P. H. Dudley, L. P. 
Farmer, Cyrna W. Field, C. T. Hempstead, W. F. HolwUI, Q. K. Lord, Hon. Samuel 
Sloan, Hon. John H. BUrin, Jamea R. Wood. 

COBIUITFEE ON HAIL. TELEGRAPH AND EXPRESS. 
Chairmaiii Mr. P. H. Dudlbt. 
StcTfUuv, Km. L. P. Gkataoat. 
8. Lowell Elliot, Jamee Oaylor, Norvln Creeo, Jobn Hoey, Hon. Henry G. FearioD, 
H. F. J. Portw, Jenaaea Bicbardaou, A. Coolldge Warran, A. Woodward. 
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rOR THK nw TORK UEKTISa. 



COMMTFraB ON PBINTISO. 
Clalnmaiu Hk. CoursuDi Tah Bbukt. 
Btertlaryi FBOr. H. L. FAIBCfULa. 
Dr. A. A. JdHm, V. C. Hkrtin, LdoIdI PItlifn, Prof. J. K. K««, Fraf. W. P. tMW- 
brldye, John I- Will, Pmf. K. P. Whilfleld, WlUlani H. S. Wood. 

COKUITTBE OM SCIENTIFIU PAPSBfl. 

Clatmaiu Prof. J. 8, Nrwbbbbt. 

Sterttaryi Paor. Gbosob W. PLrvPTOH. 
0«u. H. I.. Abbott, tr. 6. A., ProT. J. A. Allen, Pruf. Bmijiimln BnmBB, Prof. Albert 
8. Blckmara, Dr. N. L. BriKOD, B. B. Chuaberlln, Prof. Charlea F. Ctiiodlet, Prat. 
a. W. Coaklaj, Gen. O. W. CuUum, E. H. DiiTia, U.U.. Prof. E. H. Dftj, Pror. B. Og- 
den Doremns, Andrev B. Donglsi, Pror Djuilel Draper, UIm Wlnl&ed EdgertOD, 
Tfaomu Edltoa, Prof. Ihomu EKlssIon, S. Lowell Elliot, Jobn ErlcBBon, L. P. GniM- 
ekp, Pror. Albert C. Hele, Dr. luu H. finll, Ellnl T. Hell, Prof. D. W. HerLns. Mlai F. 
B. M. auobeock. Dr. Fredariek Hoffmio, Arthur Uolllok, J. D. Hjett, l^orenoe 
Johnaoa, UJ)^ Dr. A. A. Julian, Pror. Clarenoe Sing, George F. Knnc. Dr. Loali H. 
lAudj, George S. Lawranoe, Prof. Albert K. I/eeda, Dr. W. Ooold LevlBaa, Prof. D. B. 
Haitiii, Prof. Albert H. Mayer, Prof. Uwrge W. Uajnard, F. J. H. Merrill, Prof. H. J. 
Meeaeeger, Prof. H. S. Monroe, Dr. C. E. Pallet*, Prof. RoaalMr W. BsTmond, Prof. J. 
K. Reea, Prof. P. de P. BloketU, Prof. O. N. Bood, W. H. Bndkln, Leirla H. Bntber- 
ford, L. Schoflner, M.D., Joaeph Sobrenk, U. D., Sandaraon Smltb. Hlu M. O. Bteele, 
Prof. W. Le Coute SlaTena, Prof. J. J. atavenaon. Prof. William StrslTord, M.D., 
Pror. W. P. Trowbrldsa, Prof. J. H. Van Amrlnge, Dr. P. H. Vanderwerde, Hon. 
Kgbert L. Tlele, Capt A. W. Togdea, CS.A., Jebu L. Wall, Prof. B. P. Whitfield, 
Prof. l>a TolMQ Wood, Bar. J. L. Zabrlakle. 



COMMITTEB OM THB PEES8. 

CMairmaiit Dr. Cbasles InBleB PASdIB. 

BtontaiTii Mr. HtOHABD WBtoanuic. 

Qeoige D. Bayard, Eaarr Guy Carleton, Foater Coatee, Cbarlea B. DarlB, ProT. H. 

t. Fairehlld, BIcbard A. Farrelljr, laaae N. Ford, Barclar Uallagbar, tiaorge A. Om- 

doe, C. 0*0. Henneaee;, Alexander Jafflref, Budd SmlUi, J. B. Towae, Tlmotby S. 



COUMITTEK ON UEMBERSHIP. 
Chairmoni Paor. JOhh E. BCES. 
StcntatTfi PkoI. W. Lb CoKTB S^BTBira. 
C. B. Agnew, VJ>„ Prof. H. L. VaircbUd, Dr. Alexis A. JdlleD, Prof. A. • 
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SPECIAL COMMITTEES OP THE ASSOCIATION/ 



1 . ComMtHM vittk power to «l«et Mtatban and Allow*. 
THa MuBEsa OF ram srAironrfl CoMMmwm. 

i. CommOtM on th* BtgUtration of Dtathi, SirOkt, and JforriivM. 

I JoB> CkuxBnoflndtuiftpolis, 
I J. B. Bbwbuhi of New Yoik. 

S. CoutmUUe o* Suilar Magnittii»». 

X. O. PiOXMKDra of OuDbrldca, l S . B. Hounif of Barkeley, 
B. W. BauiHA> of ChlMfo, BnoK Kkwoomb of WubiDgton, 

AUFBHiLLofWuhlngtiin, OuoNV SronofUDlT.ofTK^ 

WiLLUxHAXKMBMofWtiblngton, I 0. A.TomaofPriiuwtoD. 

4. CommfttM on Iwtexing CKtmieat Ltteratan, 

H-Cassutoton Bolton of HaittOrd, i A.A. JiTi.iDT(ifMewToA, 
7.W. CUBKorWashlifton, J. W.LAhgut of Ann Arbw, 

A.ILI.KBi>a(ifHoboken, j s. H. Botnnm of Cuu))tii]8«) 

0. K. Wmu> of H&loae. 

S. CiMnmietM ON .fiUm-nottonol Congrm of GeoJogiMU. 



Jamh BLlijl of Albanr, 
J. W. DAWKm of Uostrai], 
J. 8. RsiTBBWRT of Naw York, 
T. arcBST Hmrr of Uontrul, 
C. H. HttObOoCk of HuioT«r, 
BiFBAZL PauTMixr of Newport, 
J, t. I.nlL>i of miUdalphla, 



J. W. FowkUiorWaBhlniMn, 
Q. A.Cook of Ksw Braniwlok, 
JoHH J. BTKYBirsoit Of Naw York, 
B. D. Con of PtalUdaliAlK, 
X. A. 8¥ITB of Tniealaa**, 
PmunoB rsAEiK of PhOadalpliU, 

~ S. WlLUAMI of ItlUUMk, 



H. H. WnOHIU. of Hlnuskpolla. 

■ All CommltUM ua expeotod to prMenI thair rat>orU to tho STAHDnia ComnrrsB 
not lAtartbui tbs flmrtta daj of tha moating. ComuilUaea MDdlng tbalrieporu to Ifao 
Fanaanent Baoratuy a moutli bafota tha QaTaUnd meatlnf oan luTa tbem pilatad fOr 
tue at Uie meeting. 
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■FKOiAi, ooioamu. 



OanmttlM on Aitatomte<U JfonenelatuM, wtlh Special r<ftrme( to 



7. GmtmOtet on Fk^tiet Tiaehing. 

T. 0. HneMMHALi^ of Ten* Hanle, I H. S. Cabhast of Ann ArlMr, 

W. A.AHIHoVTDrlUweB, I F. H. SIDTB oTChadottUTlll*, 

JOH> Tbowbsidqs arOunbrUfe, 

8. CoMmtttM to Ofiplp to Congrui for a Bodttetlon of CA« Tariff on 

SeieMifte Book* and Apparatia. 
B. D. Cora of PUUdgl|ihlm, | J. B-Bunuxof WwAlngtoii, 

Jonir S. BiLiiMO* of WMblogWn. 

9. OommUUe to memorbUite Congrtai to tate tte^ for th» Prtiervation 

of Arehaologio Jfonuin«ntf on tK» public landi. 
Hue Auoi C. Tunomsa at Cunbrtdge, | Hu. T. BTETaiiBoir of Wuhington. 



V, H. Ddkxt Of ll«ir Talk, 

II. AudUon. 

WBKUUni aTBalem, | Tboiub Hikuk of OatMaatown. 
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COMMONWEALTH OF MASSACHUSETTS. 



IN THE TEAR ONE THOUSANI) EIQHT HUNDRED AND 8E7ENTT-F0DS. 



AN ACT 

To IhOORPORATK THK "AlfESICAX ASSOOIATIOIT FOB TBI 

Advamckment of Soiekce." 
Bt U enaeud bp the Senate and BoMMe <^ Efpretentattau, in Otnerat Court 
auembUd, and by the aut/utrits of the aavie, a* follotoi : 
Sacnoit 1* Joseph Henry of Washlagton, Bei^&mln Fierce of Cam- 
bridge, James D. Dana of Ifew HafcD, James Hall of Albany, Alexis 
Caawell of FroTldsnce, Stephen Alexander of Princeton, Isaac Lea of 
Fblladelpbia, F. A. P. Barnard of New York, John 8. Newberry of CleTe> 
land, B. A. Goald of Cambridge, T. Sterr; Hnnt of Boston, Am Gray of 
Cambridge, J. Lawrence Smith of LoalsTllle, Joseph Lorerlng of Cam- 
bridge and John LeConte of Philadelphia, their esBoclntes, the offlcen 
and membera of the Aasoclatlon, known aa the " American Association 
for the Advancement of Science," and their encceesors, are hereby mads 
■ corporation by the name of the "American Asaoclatlon for the 
Advancement of Science," for the purpose of receiving, purchasing, 
holding and conveying real and personal property, which It now is, or 
hereafter may be, possessed of, with all the powers and privileges, and 
subject to the restrictions, daclea and liabilities set forth In the general 
laws which now or hereafter may be In force and applicable to sncb cor- 
porations. 

Section a. Said corporation may have and bold by pvrcbase, grant, 
gift or otherwise, real estate not exceeding one hnndred thoasand 
dollara to valnc, and personal estate of the valae of two hnndred and 
Ofly thousand dollars. 

Skctiuk S. Any two of the corporators above named are hereby 
aathorlzed to call tbe flrst meeting of the said corporation Id the month 
">[ Angnst next ensuing, by notice thereof " by mall," to each member of 
tbe said AssoclattoD. 
SacnoN 4. This act shall take effect npon Its passage. 

HoDSK or Rbprxsbntativeb, Uarch 10, 1874. 
Passed to be enacted, 

JOHK E. S&NFOKD, Speaker. 
In Skmatb, March IT, IBM. 

Passed to be enacted, Han^h 19, 1B74. 

Geo. B. Loriko, Prettdent. Approved, 

W. B. WiSHSUur. 
SxaRffFiRT's Dbpartmknt, 
Boston, April S, lS7t. 

A tme copy. Attest : 

David Pulbiter, 
Deputy Secretary of the Commonwedtlk 
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CONSTTrtmON 



AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE. 

iDoorporated b; Ad or tha Qeneral Coait or U 



Objkcts. 
Abticlk 1. The objects of the AssoclatleB are, by periodical aud ral- 
gnttoi7 meetlDgs, to promote luUrcoarae between those who are caltU 
vsting science tii dlfTerent parts of America, to give a stronger and more 
general impulse and more systematic direction to scieatiOc researah, and 
to procure for the Ubors or scteotlAc men lucreaMd faculties aud a wider 
nsefkilneBs. 

Mbubsks, Fkllows, Fitbons asv Honohart Pellowb. 

Art. 2. The Association stkall consist of Members, fellows. Patrons, 
and Honorary Fellows. 

Art. 8. Any person may become a Member of the Association upon 
lecommeodatlon in writing by two members or fellows, and electionby 
the Coancll. 

Art. 4. Fellows shall be elected by the Coancll from snch of the mem- 
bers as are profession ally engaged In science, or have by ihc-lr labors 
aided Id advancing science. The election oF fellows shall be by ballot 
and a m^orlty vote of the members of the Council at a designated meet- 
ing of the CoDDcll, 

Art. 6. Any person paying to the Association the snm of one thousand 
dollars shall be classed as a Patron, and shall be entitled to all the privi- 
leges of a member aud to all Its pabllcatloRS. 

Art. S. Honorary Fellows of the Association, not exceeding three for 
each section, may be elected ; the nomtnatiaDS to be made by the Council 
and approved by ballot in the respective sections before election by ballot 
Ir Qeaeml Session. Uonorary Fellows shall be entitled to all the prlvl- 

(nv) 



n,g,t,7rJM,GOOglC 



XXVI OOKSnTDTIOK. 

legea of Fellows and shall be exempt from oil fees ftDd asBessineDts, and 
entitled to all pabllcfttlooa or tbe Associatloo issaed alter the date of 
their election. 

Art. 7. The name or an; member or fellow two yeara In arrears for 
annual dues shall be erased from the list of tbe Association, provided that 
two notices of indebtedness, at an Interval of at least three montha, shall 
bave been given ; and no sach person shall be restored until he has p&ld 
his arrearages or has been reelected. The Council shslt have power to 
exclude from the AssocUtlon any member or fellow, on saUsfactor; evi- 
dence that said member or fellow Is an Improper person to be connectecl 
With tbe Association, or has In the estimation of tbe Council made Im' 
proper use of bis membership or feUowshlp. 

Art. 8. No member or fellow shall take part In the organliation of, or 
hold office In, more dian one section at any one meeting. 

OVFICEBS. 

Art. 9. The Officers of the Association shall be elected by ballot Id 
General Session from tbe fellows, and sball consist of a President, a Vice 
President from each section, a Permanent Secretary, a General Secretary, 
a Secretary of the Council, a Treasnrer, and a Secretary of each Section; 
these, with tbe exception of the Permanent Secretary, shall be elected at 
each meeting for the following one, and, with the exception of the Treas- 
brer and the Permanent Secretary, shall not be reBllglble for the next two 
meetings. Tbe term of office of Permanent Secretary shall be five years. 

Art. 10. The President, or, In his absence, the senior Vice Prasldent 
present, shall preside at alt G<.'ueral Sessions of tlie Association and at al! 
meetings of tbe Council. It shall also be the duty of the President to 
give an address at a General Session of the Association at the meeting 
following that over which be presided. 

Art. II. The Vice Presidents shall be tbe chairmen of their respective 
Sections, and of their Sectional Committees, and It shall be part of Ibelr 
daty to glre an address, each before his own section, at sncb time as the 
Council shall determine. Tbe Vice presidents may appoint temporary 
chairmen to preside over tbe sessions of their sections, but shall not del- 
egate their other duties. The Vice Presidents shall have seniority in 
order of their continuons membership In the Association. 

Art. 12. The General Secretary shall be the Secretary of all General 
Sessions of tbe Association, and shall keep a record of tbe bnelness of 
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GOH«RTirnoK. xxvn 

these sessions. H« sbal] receive the records trom the Secretsrles of the 
SectioDS, whlcb, after enmiiistlon, he sh&ll trsnsmlt wltb hta own records 
to tbe Permanent Secretary wltUn two weeks after tbe adjournment of 
the meeting. 

Art. is. The Secretary of the ConncU shall keep the records of the 
CouncIL He shall give to the Secretary of each Sectian the titles of 
papers assigned to It by the CoddcII. He shall receive proposals for mem- 
bership and bring them before the Council. 

Art. 14. The Fermanent Secretary shall be the execntlve offlccr of the 
Association nniler the direction of the Coancll. He sliall attend to all 
business not specially referred to committees nor otherwise constitution- 
' oJly provided for. He shall keep an account of all bn.iinesa that he has 
transacted for the Association, and mske annaatly a general report for 
pnbllcatlon In the onnaal volame of Proceedings. He Bhall attend to the 
printing and distribution of tbe annual volume of Proceedings, and all 
Other printing ordered by the Association. He shall Issue a circular of 
Infbrmatlon to members and fellows at least three months before each 
meeting, and shall. In connection wltb the Local Committee, make all 
necessary arrangements for tbe meetlugs of the Association. He shall 
provide the Secretarlesof the Association with such books and stationery 
as may be required for their records and business, and shall provide mem- 
bers and fellows with snch blank forms a« may be required for facllltstlDg 
the business of the Association. He shall collect all assessments and ad- 
tniaslon fees, and notify members and fellows of their election, and of any 
arrearages. He shall receive, and bring before the Council, the titles and 
abstracts of papers proposed to be read before the Association. He shall 
keep an account of all receipts and expenditures of tbe Association, and 
report the same annually at the first meetingof the Conucll, and shall pay 
over to the Treasurer sacb anexpended funds as the Council may direct. 
He shall receive and bold in trost for the Association all books, pamphlets 
and mannscrlpts belonging to tbe Association, and allow the use of the 
same under the provisions of the Constitution and the orders of tbe 
CouncIL He shall receive all commnnlcatlons addressed to tbe Associa- 
tion during the Interval between meetings, and properly attend to the 
same. He Hhsll at each meeting report the names of fellows and members 
who have died since the preceding meeting. He shall be allowed a salary 
which shall be determined by the Council, and may employ one or more 
clerks at sach compensation as may be agreed upon by the CoanclL 
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Art. 15. The Treaaurer shall invest the rands received by hlni In sucb 
BecurllUs as maj be directed by the Council, He ahftll atinDallf presegt 
to the Conncil an accoant of the Tunds in his charge. No expenditure of 
the principal in the hands ot the Treasurer shall be made wlthont a anan- 
imous vote of the Council, and no expenditure or the Income received by 
the Treasnrer shall be niade without a two-thirds vote of the Council. 

Abt. IG. The Secretaries of the Sections shall keep the records of 
Ibeir respective aections, and, at tbe close of the meeting, give the same. 
Including the records of subsections, to the General Secretary. Tbey 
shall also be the Secretaries of tbe Sectional Committees. The Secre- 
taries shall have seniority in order of their coutlnnous membership In tlie 
Association. 

Art. 17. Id case of n vactuicy in tbe office of the President, one of tbe 
Vice Fresldents shall be elected by the Council as the President of tbe 
meeting. Vacancies In the olllces of Vice President, Permanent Secre- 
tary, General Secretary, Secretary of the Council, and Treasurer, shall be 
flUed by nomination of the Council and election by ballot In General Ses- 
sion. A vacancy tu the office of Secretary of a Section shall be filled by 
nomination and election by ballot in the Section. 

Akt. 18. The Council shall consist of the past Presidents, and the 
Vice Presidents of the lost meeting, together with the President, tbe Vice 
Presidents, the Permanent Secretary, the General Secretary, the Secretary 
of the Council, the Secretaries of tbe Sections, and tbe Treaaurer of the 
carrent meeting, with the addition of one fellow elected from each Sec- 
Uon by ballot on tbe first day of Its meeting. The members present at 
any regularly called meeting of tbe Council, provided there are at least 
Ave, sliall form a quorum fbr the transaction of business. The Council 
shall meet on the day preceding each annual meeting; of the Association, 
and arrange tbe programme for the fl^^t day of the sessions. The time 
and place of this first meeting shall be designated by the Permanent Sec- 
retary. Unless otherwise agreed upon, regular meetings of the Council 
shall be held In tbe council room at 9 o'clock, a.m., on each day of the 
meeting of the Association. Special meetings of the ConncU may be 
called at any time by the President. The Council shall be the board of 
supervision of the Association, and no business shall be transacted by the 
Association that has not first been referred to, or originated witli, tbe 
Council. The Council shall receive and assign papers to the respective 
sections ; examine and. If necessaiy, exclude papers ; decide which papers, 
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discDSBloDB and other proceedlDgs shall b« pobllehed, and have the een«ral 
direction of the pnbllcatlons or the ABSocUtlon ; manage tbe flnaDcial 
aSiilrB of the Association ; arrange the baslDesH and programmes for Gen- 
eral Sessions; snggeat subjects for dlscnsston, Investigation or reports; 
elect members and fellows ; and recelTe and act npon all Invitations ex- 
tended to the Associatton and report Che same at a General Session of 
tlie Association. The Conncil shsU receive all reports of Special Com- 
mlttees and decide npon them, and onl; such shall be read In General 
Session as the Council shall direct. The Conncil shall appoint at each 
meeting the following sub- committees who shall act, snbject to appeal 
to the whole Conncil, nntll their successors are appointed at the follow- 
ing meeting: 1, on Papers and Reports; 2, on Members; S, on Fellows. 

Abt. 19. The Nominating Committee shall consist of the Council, and 
one member or fellow elected by each of the SecUona. It shall be the duty 
of this Committee to meet at tbe call of the President and nominate the 
general officers for the following meeting of the Association. It shall also 
be the duty of this Committee to recommend the time and place for the 
next meeting. Tbe Ylce President and Secretary of each Section shall 
be recommended to the Nominating Committee by a sub-committee con- 
sisting of the Vice President, Secretary, and three members or fellows 
elected by the Bectloo. 

Hrbtinos. 

Art. 20. The Association shall hold a public meeting annually, for one 
week or longer, at such time and place as may be deWrmined by rote of 
the Association, and the preliminary arrangements for each meeting shall 
be made by the Local Committee, In coojnnctloo with the Permanent Sec- 
retary and such other persons as the Council may designate. 

Art. 21. A General Session shall be held at 10 o'clock a. h., on the first 
day of the meeting, and at such other times as the Council may direct. 

SBCTIOHS JtKD SnBSECnOKS. 

Art. 22. The Association shall be divided into Sections, namely:— 
A. Matlt<imativ» and AHroaomy; B, Phytic*; C, ChemUtrg, including Ut 
application to agrieuUure and the art*; D, Mechanical Science and Engi- 
neering ; E, Oeology and Oeogrt^y; F, Siology; [G, united to section F]; 
H, Anthropoloff]/ i I, Economic Science and Statiuic*. The Conncil shall 
have power to consolidate any two or more Sections temporarily, and 
■Dch consolidated Sections shall be presided over by the senior Vice Pres- 
ident and Secretar7 of the Sections comprising it. 
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AsT. 28. Immediatelr on tbe organlEatlon or a Section tbere shall b« 
three (blloivs elected hj ballot after open nomination, who, wttk the Vice 
President and Secretary, shall form Its Sectional Committee. The Sec- 
tional Committees shall have poorer to All vacancies In their own nambers. 
Meetings of the Sections shall not be held at the same time with a General 
Session. 

Art. 24. The Sectional Committee of any Section may at Its pleasnre 
form one or more temporary Subsections, and may designate tbe officers 
thereof. The Secretary of a Subsection shall, at the close of the meeting, 
transmit his records to the Secretary of the Section. 

Abt. 26. A paper shall not be read in any Section or Subsection nntll 
It has been received from tbe Council and placed on tbe programme of the 
day by the Sectional Committee. 

Sbotiokai. Cohhittkbs. 

Abt. 26. The SecUonal Committees shall arrange and direct tbe bnsl- 
ness of their respective Sections. They shall prepare tbe dally pro- 
grammes and give them to the Permanent Secretary for printing at the 
earliest moroent practicable. No titles of papers shall be entered on the 
dally programmes except sach as have passed tbe Conncll. Ko change 
shall be made lo tbe programme far the day In a Section without the con- 
sent of the Sectional Committee. The Sectional Committees may refuse 
to place the title of any paper on the programme ; but every such title,' 
with the abstract of the paper or tite paper Itself, must be returned to 
the Coancll with the reasons why It was relheed. 

Art. 27. The Sectional Committees shall examine all papers and ab* 
stracts referred to the sections, and they shall not place on tbe programme 
anjr paper inconsistent with the character of the Association ; and to this 
end they have power to call for any paper, the character of which may not 
be snfflcleotly understood ftom the abstract submitted. '' 

Pafkrs and Communications. 

Art. 28. All members and (Allows must forward to the Permanent 
Secretary, as early as possible, and when pracUcable before the conven- 
ing of the Association, Aill titles of all the papers which they propose to 
present during the meeting, with a statement of the time that each will 
occupy In delirory, and also snch abstracts of their contents as will give 
a general Idea of their nature ; and no title shall be referred by the Coan- 
cll to the Becdooal Committee until an abstract of the paper or the paper 
itself has been received. 

Art. 29. If the aothor sf any paper be not ready at the time assigned, 
the title may be dropped to the bottom of the list. 
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Abt. 80. Wb«neT«r practicable, the proceedings and dlscaaaloDB nt 
General Seasloaa, Sections and Sobsecttons aball be reported by profes* 
sional reporters, bat sach reports shall not ^pear Id print as the oQlcial 
reports of the Asaoclatlon aaless revised b; the Secretaries. 

Pkinted Procebdikos. 
Art. si. The FermaneDt Secretary shall have the Proceedlaga of each 
meeting printed Id aD octavo volume as soon after the meeting as possible, 
beginning one month ader adjonmmeot. Authors most prepare their 
papers or abstracts ready for the press, and these must be In the bonds of 
the Secretaries or the Sections before the final adjournment of the meeting, 
otherwise odIj the titles will appear In the printed volume. The Conocii 
Bhall have power to order the printing of nnj paper by abstract or tXtie 
only. Whenever practicable, prootli shall be forwarded to aathors for 
rcvifilon. If any additions or substantial alterations are made by the 
author of a paper after Its aabmlsBion to the Secretary, the same afaoll be 
distinctly Indicated. Illustrations must be provided for by the authors of 
the papers, or by a special appropriation from the CouDcll. Immediately 
on pnbllcatioD of the volume, a copy shall be forwarded to every mem- 
ber and fellow of the Association who shall have paid the assessment R>r 
the meeting to which it relates, and it shall also be offered for sale by the 
Permanent Secretary at anch price as may be determined by the Conncil. 
The Council shall also designate the tDStltntloDB to which copies shall be 
dlstrlbated. 

LOCIL COUUITTBB. 

Anrr. 82. The Local Committee shall consist of persons iDterested In 
the objects of the Association and residing at or near the place of the 
proposed meeting. It la expected that the Local Committee, assisted by 
the officers of the Association, will make all essential arrangementa fbr 
the meeting, and Issne a circalar giving necessary particulars, at least one 
month before the meeting. 

LiBRART or ran AseocunoH. 

Art. 88. All books and pamphlets received by the AssoclaUon shall be 
In the charge of the Pennaneot Secretary, who shall have a list of the 
same printed and shall fUmish a copy to any member or follow on appli- 
cation. Members and fellows who have paid their assessments In full 
shall be allowed to call for books and pamphlets, which shall be delivered 
to them at their ezpeoee, on their giving a receipt agreeing to make good 
any loss or damage and to return the same n^ee of expense to the Secre- 
tary at the time specified in the receipt given. All books and pamphlets 
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tn circulation mast be retaroed at each DieettDg. Not more than flvcboolcfl, 
InclDdlng Tolames, parte of votamoB, and pampblots, stall be held at one 
time by any member or fellovr. Any book may be withheld ftom circa- 
lation by order or the Council. 

Admission Fek and Absbssubnts. 

Art. Si. Tlie admissloQ f^e Tor members shall be Sve dollars Id addi- 
tion to tlie anoaal assessment. On the election of any member as afbllow 
an additloDol fee of two dollars shall be paid. 

Art. 35. The annual assessment for members and fellows shall be three . 
dollars. 

Art. 86. Any member-or fellow who shall pay tbe sum of flfty dollars 
to tlie Association, at any one time, shall become a LUe Member and as 
audi shall be exempt from all further assessments, oiid shall he entitled 
to the Proceedings of the Association. All money thus received shall be 
Inveated as a permancut fund, the Income of which, during the life of the 
member, shall form a part of the general fund of the AssoclatloD ; but, 
aner bis death, shall be used only to assist in original research, untesa 
otherwise directed by ananlmoas vote of the Council. 

Art. 87. All admission tcea aod nssessments must be paid to the Per- 
manent fiecretaiy, who shall give proper receipts for the same. 

ACCOUKTB. 

Art. B8, The accounts of the Permanent Secretary and of the Treas- 
urer shall be acdlted annually, by Auditors appointed by the Council. 

Alterations of tbb CoKerirnrioK. 
. Akt. 89. No part of this CoDStltotlon shall be amended or annnlled, 
withont the concurrence of thrce-fourths of the members and fellows 
present In General Session, after notice given at a Oeueral Session of & 
preceding meeting of tbe Association. 



ORDER OP PROCEEDINGS IN ORGANIZING A MEETING. 

1. The rellriag Fresldent IntrodnceB tbe FreildeDtelocC,wbo takes the ebalr. 
a. Fonnalltici of nelcome or tlie AaaoclstloD as mnr be orriinged b; the LoosI 
Commlllee. 
8. Bciioit of the list of pnpan entered and thelrrerBrenee to the Sectiom. 
1. Olbcr rcporte. 

S. AnDoDncementioriiraDgenieatabjUieLaciilCDmiiilKM. 
B. AnnouiiceinSDUorElecUaDSb;UieCounoU. 
T. CuenumenCed bualaets. 
B. AdJoummetit to meet In Secttona. 
Thli order, h> hr as apiiUuble, to be fbllowed la anbHqoetit Genenl Seeitoni. 
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MEMBERS 

AMERICAN ASSOCIATION 

ADVANCEMENT OF SCIENCE.' 



FATBOHS.* 



Tbompson, Mrs. ELtzAsrrH, Stamford, Conn. (23), 

Lilly, Obn. Wiixum, Maacb Chooh, Carbon Co., Pa. (2S>, F E 

H^RUAM, Mrs. Bsthkr, 69 West SSth St., Hew York, N. Y. (29; 



Abbe. Robert, 11 W. BOlli St., New York, N. T. (86). 

Abbott, James, 1509 LocDst St., PtallMlelpbIa, Fa. (34>, 

Abert, S. Thayer, 810 igth St., N. W., WaahingtoD, D. a (80). A B D 

EI 
Adams, Chas. Francts, High School, Detroit, Mich. (34). B 
Adams, W. H., ConsDltiag Engineer, Tl Wall St., New York, N. Y. (8S). 
Agard, Dr. A. H., 12E9 Alice St., Oakland, Alameda Co., Cal. (38). 
Aber, Mrs. Marjr R. Ailing, Waterbnrj, Conn. (29). E F 
Alberger, Loals R., IISI DeUware Ave., BuffUo, N. Y. (SB). O 
Aldeo, Jdo., Pacific Mills, Lawrence, Mass. (86j. 

■The numbers Id porenCbeieB Indicate Che meeting itwhloh the member was eleeled. 
The black letters at the end or line Indlcsce the Motions to which members elect to be- 
long. The ConetltnUon reqnlree thnt the namee of all members tvo or more years In 
■irean shall be omitted from the list, bnt their anmei irill be restored on payment of 
arrearages. Members not In arresre are entitled to the annnsl TOlnme of Proceedings 
bound in paper. THepannentofiendoUartalontlimttTaiUa a tnanberlotlianibtt- 
quent votama to al>it:h He tnag bt eiMUid, bmind In cIotA, or bptUt paj/mtnt of fuenfy 
OoUart, to inch eoluniu bmnij in haff morocBO. 

•Persona contributing one thoueanddollirB or more to the Aasoclntion are classed 
as Patrons, and are entitled to the prirlleges of members snd to the publioationB. 

The nnmes of Patrons are to remaia permanently on the list. 

•Any Uemberor Fellairmar become a Lift Member by the payment of HRy dollars. 
Tbe income of the money derived IVom a Life Memhersliip is used for the general pur- 
poses of ttie Association during the Ulfe of the member; afterwords It Is to be used (o 
aid In original researoh. Lift Members are exempt from Che annnal assessment, and 
are entitled to tbe annnal Tolnme. Tbe namea ot Life Members are printed In small 
capitals In the regnlar list of Memben and Felloire. 

a. A. A. fl. VOL. XXZTL O fzxzlll) 
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Alexander, Miss Jane, Jamaica Plain, Mass. (S3). F 

Allderdlce, Wm. H., U. 8. Navy, care Navy Department, WasblngtoD, 

D. C. (88). D 
Allen, Adaison, 60 Wall St., New York, N. T. (38). 
Allen. Undloy P., 177 Euclid Ave., Cleveland, Ohio (36) F 
Allen, Henry C, M.D., Ann Arbor, Mich. (34). C F 
AUen, J. M., Hartford, Conn. (22). D 
Allen, W. P., 46 Bond St., New York, N. Y. (86). 
Alvord, Benjamin, 2ud LC. 20tb Infantry, U. S. A., Fort Leavenworth, 

Eun. (83). A 
Anderson, Newton M., STl Sibley St., Cleveland, Ohio (SO). B 
Angel], Geo. W. J., 44 Hudson St., New Vork, N. Y. (3C). 
Ansley, Clark F., Swedona, Mercer Co., 111. (32). B H 
Antlsell, Tbomaa, M.D., 1811 Q St., N.W., WashlDgton. D. 0. (33). C B 
Appleton, Bev. Edw. W., D.D., Aahbourne P. O., Montgomery Co., 

Pa. (28). 
Arcbambanlt, U. E., P. O. box 1944, Montreal, Can. (81). 
Arey, Albert L., Free Academy, Bochester. N, Y. (38). B 
Arms, Walter P., Pnnxautawney, JetTerson Co., Pa. (So). 
Atkiniioii, Charles Heath, Brookllne, Mass. (34). D I 
Atkinson, Jno. B., Earllngton, Hopkins Co., Ky. (26), D 
Atterbnry, Bev. Anson Plielps, US W. 871b St., New York, N. Y. (86), B 
Atwell, Charles B., 461 Emerson St., Evanstou, III. (36). F 
Atwood, E. S., East Orange, N. J. (29). F 
Austin, Wm., 66 Union Place, Hew York, N. Y. (86). 
Atbrt, Samuw. p., 4 E. 88th St., New York, N. Y. (86). 

Baba, Talul, 126 W. 42nd St., New York, N. Y. (86). H 

Babbitt, Miss Franc B., Lock Box 1284, Coldwater, Mich. (32). H I 

Babcock, Geo. H., 80 Cortlandt St., New York, N. Y. (33). D 

Bacon, Prof. Chas. A., Observatory Betoit College, Belolt, Wis. (86) A 

Bailey, E. H. S., Lawrence, Douglaa Co., Kan. (26). C E 

Bailey, Prof. Liberty H., Jr., Agricultural College, Mich. (34). F 

Baker, Achbor J., Aon Arbor, Mich. (34). F H I 

Baker, HenryBrooks, 726 Ottawa St., Lansing, Mich. (34). F I B 

Baker, Prof. I. 0., Uulv. of Illinois, Champaign, 111. (80.) A D 

Baker, Blchard D., 1414 Arch St., PhlUdelphIa, Pa. (33). Q C 

Baker, Wm. G., 234 E. 15th St., New York, N. Y. (3fi). 

Balderston, C. Canby, Westtown, Chester Co., Pa. (33). B 

Baldwin, Miss Mary A., Summer Ave., Cor. Kearney St., Newark, N. J> 

(81). B 

Baldwin, Mrs. 8., 3 Madison Ave., Detroit, Mich. (34). H 
Ballard, Harlan H., 60 South St., FitUfleld, Mass. (81). E F 
Baltlard, Chas., Metropolitan Museum of Art, Hew York, N. Y. (86). 
Banes, Charles H., 2021 Spring Garden St., Philadelphia, Pa. (SI). D 
BAKCa, LkmuklBoltok, M.D., 127 E. 8(th St., New York, N. Y. (36). 
Barber, John N., 1S17 Hennepin Ave., Mlnncapotls, Minn. (38). F 
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Barclaj. Robert, A.M., H.D., Bill Lacns Ave., St. Loali, Uo. (80). 

Bardeen, Fraacls L., H.D., Box 76, Onondaga BID, N. Y. (Si). O F B 

Barge, B. F., Mauch Ctmnlc, Fa. (R3}. 

Barker, Mrs. Manha M., 2S Elevtintb St, Lowell, Mais. (31). B H 

Baniett, J. Davis, Port Hope, Ontario, Can. (84). D B 

Barnom, Ml8S Charlotte C,,H+ Humphrey St., New Haven, Conn. (36), A 

Burnum, Thomas R., lU Hamphrey St., New Haven, Conn. (S6). E 

Barrett. Dwiglit H., B. ft 0. H. R. Co., Baltimore, Md. (86). 

Bnrtlelt, John W., M.l)., U9 W. 94th St., New York, N. Y. (86). 

Bartle;, Ellas H., M.D., 401 PuclBc St., Brooklyn, N. T. (33). Q 

Bassett, Norissa C, Prof. Mechanical En(,'lneerlng, lona College of 

Agrlc. and Mechanical Arts, Ames, Iowa (S5). D 
Batt«rHha]l, Jesse Fark, 402 Washington St., New York, N. Y. (36). 
Battereon, J. O., Hartford, Conn. (IS). 

Battle, Herbert B., N. C. Ae:rlc. Ezper. Station, Raleigh, 'S. C. (83). O 
Baur, George, New Hnven, Conn. (36). 
Baxter, James N., 273 Henry St., Brooklyn, N. Y. (36). 
Baxter, Sylvester, office of the Herald, Bnsion, Mttaa. (36). H 
B&ylor, James B., U. 8. Coast and Geodetic Survey Office, Washington, 

D. C. (83 J. A 
Beach, William H., Madison, Wis. (21). E B 
Bean, Thos. E., Box 441, (jtalena, III. (28). F 

Beaadry, J. Alpbonse U., 99 St. James St., Montreal, Can. (31). D B 
Beauregard, Gen. Qustave T., SB9 St. Charles Avenue, New Orleans, La. 

fflO). A B 
Bechdolt, Adolphus F., Sapt. City Schools, Manhato, Minn. (32). B B F 
Becker, Dr. Geo. F., U. 8. Geol. Survey, San Francisco, Gal. (86). B 
Belknap, Morris B., Louisville, Ky. (29). H B 
Belknap, Wni. B., Louisville, Ky. (29). Tk 
Bbll, C. M., M D., 820 Flfib Ave., New York, N. Y. (86). 
Benjamin, G. B., 6 Barclay St., New York, N. Y. (19). B O 
Bennett, Prof. Wra. Z., Woosttr, Wayne Co., Ohio (38). O 
Beveridge, David, 146 Grlswold St., Detroit, Mich. (88). I 
Blen, Jnllu.«, 189 Doane St., New York, N. Y. (34). B H 
BIgelow, Prof. Frank H., Racine, Wis. (36). A 
Bigelow, Otis, 605 7tb St., Washington, D. C. (3D). H F 
BIgelow, Robert P., Washington, I). 0. (32). F B 
Bill, Charles, Springfleld, Mass. (17). HFI 

Bingham, Mrs. Martha A., Hotel Brunswick, Kansas Cltj, Mo. (83). 
Blrge, Charles P., Keokuk, Iowa (29). E 
BiBitop, HKBBit »., Mills Building, New York, N. Y. (36). 
Bishop, Irving P., Cbatbom, Columbia Co., N. Y. (35). B 
BlXBY, Wm. H., Wilmington, N. C. (34). D 
Biacklock, Charles H., Rugby, Tenn. (86). 
BUckwell, Mrs. A. B., Elizabeth, N. J. (80). FOB 
Blalsdell, F. E., Coronado, San Uiego Co., Cal. (29). F 
Blake, Francis C, Monslleld Valley P.O., AUegbeny Co.,Pa. (29). C B D 
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Blake, L. I., H^de Fark, Hus. (36). 

BlakBlee, Prof. T. H., Des Motnes, lotra (SI). A 

BUDkenbur;:, Rudoir, 1S26 Arcli St., Philndt^lpbiB, Pa. (88). I 

Blatchford, Ellphalet W., STS La Salle Ave, Chicago, III. (IT). F 

Blmh, W. G., NUea, Mich. (83). B D 

Blouot, Henry F., EvansvlllB, Vanderbarg Co,, Ind. (32). 1 B 

Blount, Mrs. Lucia E,, 618 Unity Squai-e, Kalamazoo, Mich. (34). H I 

Blue, Archibald, Aas't MlnlBter of Agrlc, Toronto, Can. (36). I 

Boas, Dr. Tranz, 47 Lafayette Place, New York, N, Y. (86). 

Bohaiinaii, R. W., UnlveiBity of Virgloin, Va. (36). 

Booraem, J. V. V., 204 Lincoln Place, Brooklyn, N. Y. (88). 

Booth, Miss Mary A., LonfcmeadoTV, Mass. (94). F I 

Booth, Samuel C., Longmeadow, Mass. (84). £) I 

Bothwell, Geo, W., M.A., Southern University, New Orleans, La. (86J. 

Bourland, Addiaou M., M.D.Van Buren, Ark. (29). C E F 

Bourne, Kobert W., Box 217, Providence, K. I. (84), D 

Bowers, Miss Virginia K., 1 McCall St., M am phis, Ten n. (27). FHBO 

Bowman, Chw. G., Lt. U. S. N., careHnvy Dept., Washington, D.C. (38) 

Bowser, Mra. Anna C, 828 Third St., Louisville, Ky, (38). H 

Boyer, Jerome L., Sup't Chestnut Hill Iron Ure Co., Reading, Pa. (86). I> 

Bradford, Edward H., M.D., ISO Boylstou St., Bostou, Mass. (29). 

Bradford, Royal B., Lt. Comd'r, U. S. N., care of Navy Department, 

Washington, D, C, (81). "B D 
Braid, Andrew, IT. S. Coast and Oeodetlc Survey Office, WaablDgtoa, 

D. C. (33). C B A 
Braid, James W., Nashville, Tenn. (S8). 
Braley, Sam'l T„ Rutland, VI. (33). D B 
Bransford, John FranclH, Surgeon U. 8. N., Smithsonian Institution, 

Washington, D. C. (8B) H I 
Bray, Prof. C. D., College HIil, Mass. (29). D B 
Brayton, Miss Sarah H., M.D., Bvsnston, 111. (S8). 
Brecklorldge, 8. M., P. O, Box BIG, St. Lonls, Mo. (27). 
Breldenbaugh, Prof. E. S., Pennsylvania College, Gettysburg, Pa. (88). O 
Brice, Judge Albert Q., 122 Gravler St., New Orleaus, La. (82). H 
Brill, Prof. Charles C, Northflelil, Vt. (3C). P 
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Eoatls, Henry L., Cambridge, UasB. (S). Born f eb. 1, 1819. Died Jan. 

11, 1885. 
Everett, Edward, Boston, Mass. (2). Bom April 11, 1794. Died Jan. IGi 



rarles, E. J., Wsowatosa, Wis. (21). Died May 81, 1878. 
Farquh&rsoii,Bobert James, DesHoiuei, Iowa (24). Bora July 15, 1824. 

Died Sept. 6, 1884. 
PerrlB, Isaac, New York, N. Y. (S). Bora Oct. 9, 179S. Died Jane 18. 

1878. 
Fenchtwanger, Lewis, New York, N. T. (11). Died Jane 25, 1876. 
Fillmore, Millard, BuffUo, N. Y. (7). Bom Jan. T, 1800. Died March 8, 

1874. 
Fisher, Mark, Trenton, N. J. (10). 
Fitch, Aleiander, Hartford, Coan. (1). Bom March 26, 1799. Died Jan. 

20, 1869. 
Fitch, 0. H., Asbtsbnla, Ohio (7). Died Sept. 17, 1682, In hia SOth year. 
Forbash, E. B., Baffiilo, N. Y. (IE). 
Force, Peter, Washington, D. C. (4). Born Nov. 26, 1790. Died Jan. 2S, 

1868. 
Ford, A. C, Nashville, Tenn. (26). 

Forshey, Caleb O., New Orleans, La. (21). Died In Aug., 1881. 
Foster, John W., Chicago, III. (1). Born March 4, IBIS. Died June 29, 

187S. 
Foucon, Feltz, Uadlson, Wis. (18). 
Fowie, Wm. B., Boston, Has*. (1). Bora Oct. 17, 179E. Died Feb. 6, 

1865. 

Fox, Charles, Qrosse Be, Mich. (7). 

Frazer.JohnF., Fhlla., Pa. (1). Bom Joly 8, 1812. Died Oct. 12,1872. 

Freeman, Spencer Hedden, Cleveland, Ohio (29). Born Oct. S, 1855. 

Died Feb. 2, 1886. 
French, J. W., West Point, N. Y. (11). 
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O&rber, A. P., ColombU, Pa. (29). Died Aag. 2fl, ISSl. 

OMit, John E., New York, N. Y. (1). 

Qmy, HartlD, Boston, Masa. (IJ. Died Jan. IS, 18S0, aged 46. 

Gibbon, J. H., Charlotte, N. C. (S). 

QUlesple, W. H., Schenectady, N. Y. (10). Born In 1816. Died Jan. 1, 

18S8. 
Gllmor, Robert, Baltimore, Md. (1). 
Glacier, W. W., Key West, Fta. (29). Died Dec. 11, 1S80. 
Goldmark, J., New York, N. Y. (29). Died In April, 1882. 
OoDld. Angnstas A., Boston, Mass. (11). Born April S8, 1805. Died 

Sept. IS, issa. 

Ooold, B. A., Boston, Mass. (1). Born June 15, 1787. Died Oct. 24, 1859. 
Graham, James D., Waahington, D. C. (1). Bora In 1T99. Died Dec 28, 

1865. 
Gray, Aionio, Brookljn, N. Y. (18). Born Feb. SI, 180S. Died March 10, 

1S60. 
Gray, Asa, Cambridge, Mass. (1). Born Not. 18, 1810. Died Jan. 80, 

1888. 
Gray, James H., Springfletd, Haas. (S). 

Greene, Benjamin U., Boston, Mass. (1). Died Oct. U, 1862, aged es. 
Greene, E*erett W., Madison, N. J. (10). Died In 1861. 
Greene, Samnel, Woonsocket, R. I. (9). Died In 1868. 
Greer, James, Dayton, Ohio (20). Died la Feb., 1874. 
Griffith, Robert E., Philadelphia, Pa. (1). 

GrlBWold, John A., Troy, N. T. (19). Bom In 1812. Died Oct. 81, 1872. 
Gnest, William E., Ogdensbarg, N. Y. (6). 
Guyot, Arnold, Princeton, H.J. (1). Bom Sept. 5, 1809. Died Feb. 8. 1884. 

Habel, Louli, Nortbfleld, Vt (84). 

Hackley, Charles W., New York, N. T. (4). Bom March 9, 1800. Died 

January 10, 1861. 
Uadley, Oeurge, BaSklo, N. T. (6). Born June, 1818. Died Oct. 16,1877. 
HaldemaD. 8. S., Cblcktes, Pa. (1). Died Sept. 10, 1880, aged 68. 
Hale, Enoch, Boston, Mass. (1). Born Jan. 2S, 1790. Died Not. 12, ISiS. 
Hance, Bbeneier, Fallsingtoa P. O., Pa. (T). Died In 1876. 
Harding, Myron H., Lawrenceburg, Ind. (80.) Died Sept., 1885. 
Hare, Robert, Philadelphia, Pa. (1). Born Jan. 17, 1781. Died Hay IS, 

1858. 
Harian, Joseph G., Haverford, Pa. (8). 
Harlan, Richard, Pblladetpbla, Pa. (1). 
Harris, ThaddensW., Cambridge, Uaaa. (1). Bora Nov. 19, 1T95. Died 

' Jan. 16, 1866. 
Harrison, A. M., Plymontb, Maai. (29). 

Harrison, B. F., Walllngford, Conn. (II). Died April 28, 1886. 
HarriaoD, Jos., Jr., Pblladelphta, Fa. (12). 
Hart, Simeon, Farmlngtou, Conn. (1). Bom Nov. 17, 17S6. Died April 

20, 1858. 
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H«tl, Charles F., Ithaca, N. T. (18). Born In 1S40. Died Uarcli 18, I8TS.' 
Haven, Joseph, Chicago, lU. (IT). Botd Jan. 1, 181G. Died Ma; 2S, 1874. 
Hawes, George W., WashlngtoD, D. C. (23). Bom Dec 81, 1848. I>ied 

June !2, 1S82. 
UajdeD, Ferdinand Vandeveer, Fhlladelpbla, Pa. (29). Bom Sept. 7. 

1SZ9. Died Dec 22, 1SS7. 
Bayden, Horace H., Baltimore, Md. (1). Bom Oct. 18, 176S. 
Hajea, George E., Buffalo, If. Y. (16). 

Hsyward, James, Boston, Mass. (1). Died Julf 27, 1868, aged 80. 
Hazeu, WUIlam B., Wasblugton, D. C. (SO). Born Sept. 27, 1830. Died 

Jan. 16, I8S7. 
Hedilch, Bei^aroin Sherwood, Washington, D. C. (19). Died Sept. X, 

1B8G. aged 60. 
Hempstead, Q. S. B., Portamoath, Ohio (29). Died Jnlj 9, 1888, Id hla 

89th year. 
Henry, Joseph, Washington, D. C. (1). Bom Dec 17, 1797. Died May 13, 

1878. 
Hlckox, S. V. R., Chicago, 111. (17). Died In 1872. 
Hicks, William C, New York, N. T. (8i). Died In 1S8S. 
HUgard, Theo. C, St. Louis, Mo. (17). Bom Feb. 28, 1828. DledMcfa.5, 

1876. 
Hill, Walter N., Chester, Pa. (29). Born April 16, lSi6. Died March 29, 

1884. 
Hlncks, WlUisra, Toronto, C. W. (U). 
Hitchcock, Edward, Amherst, Mass. (1). Born May 24, 1798. Died Feb. 

27, 1864. 
Hoadlej, John Chlpman, Boston, Mass. (29). Bom Dec. 10, 1818. Died 

Oct. 21. 1886. 
Hodgson, W. B„ Savannah, Ga. (10). Bom 1816. 
Holbrooh, John K, Charleaton, 8. C. (1). Bom Dec. 81, 1796. l>led 

Sept. 8, 1871. 
Holman, Mrs. S. W., Boston, Mass. (29). Died May 6, 1885. 
Hopkins, Albert, Willlamstown, Mass. (19). Born July It, 1807. Died 

May 26, 1872. 
Hopkins, James 0., Ogdensbarg, N. T. (10). Died in 18G0. 
Hopklna, T. 0., WlUlamsvlUe, N. Y. (10). Died In I86S. 
Hopkins, Wm., Lima, N. Y. (6). Died In March, 1867. 
Hoppock, A. E., Hastlngs-on-Hudson, N. Y. (29). 
Horton, C. V. R., Chanmont, N. Y. (10). Died In 1862. 
HortoD, William, Cralgvllle, IT. Y. (1). 
Hosford, BenJ. F., Haverhill. Mass. (IS). Died In 1664. 
Hough, Franklin B., Lowvtlle, N. Y. (4). Bom 1822. Died Jane 11, I8SS. 
Hongbton, Dongtas, Detroit, Mlcb. (1). Bom Sept. 81, 1809. Died 

Oct. 13, 1843. 
Hovey, Edmund 0.,CnwrordBvtUe,Ind. (20). Bora Jnly IS, 1801. Died 

March 10, 1877. 
Howland, Theodore, Buffido, N. T. (16). 
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Hnbbert, Jamea, Blchmond, ProvlDce of Qnebec (16). Died tn ieS8. 
Hniit, Edward B., Washington, D. C. (3). Bom Jnna IS, 18S3. Died 

Oct. a. 1SS3. 
Hunt. Freeman, New Tork, N. T. (II). Born March at, 18M. Died 

Hkrch a. 1866. 

Itm, Homs B., FroTldence, S. I. (9). Died la 1867. 
Ivea. Thomas P., Providence, B. I. (10). 

JackHon, Charles T., Boaton, Mass. (1). Bom Jane 31, 1805. Died 

Ang. 99, 1680. 
Junes. Thomas Potts, Cambridge, Haas. (32). Bom Sept. 1, 180S. Died 

Feb. 22, 1883. 
Johnson, Walter R., Washington, D. C. (1). Bom Jane 31, 1794. Died 

April 36, 1853. 
JohasoD, WltlUm Schofler, Washington, D. C. (81). Bom Sept. SO, 

1869. Died Oct. 6, 1888. 
Jones, Catesbf A. R., Washington, D. C. (8). 
Jones, Henrj A., Portland, Me. (29). Died Sept. 8, 1883. 
Jones, James H., Boaton, Mass. (18). 

Kedsle, W. K., Oberlln, Ohio (3S). 

Keel;, George W., Waterrllle, Me. (1). Died In 1878. 

Keep, S.'C, Boaton, Mass. (18). Died In March, 1875. 

Kennlcott, Bobert, Weat Northfleld, III. (13). Bom Nov. U, 1835. Died 

In 1866. 
Kerr, Washington Camthara, Raleigh, N. C. (10). Bora Maj 2*, 1837. 

Died ADg. 9, 188S. 
Kidder, Henr; Parkttt, Boston, Mass. (29). Bom Jan. 8, 1833. Died 

Jan. 28, 1886. 
King, Mitchell, Charleston, 8. C. (S). Bora June 8, 1T8S. Died In 1863. 
Elrkpatrlck, Jamea A., Fbllodelpbla, Pa. (7). DttMl June 8, 1886. 
Kite, Thomas, Cincinnati, Ohio (6). Died Feb. 6, 1884. 
Kllppart, John H., Columbus, Otito (17). Died October, 1878. 
Knickerbocker, Charles, Chicago, til (17). Died In 1878. 
Knight, J. B., FhlladelphU, Pa. (21). Died March 10, 1879. 

Lacklan, R., Cincinnati, Ohio (11). 

Lapham, Increase A., Milwaukee, Wis. (S>. Born March 7, 1811. Died 

Sept. 14, 1876. 
Larkln, Eihao Pendleton, Alfred Centre, N. T. (S8). Bom Sept. 20, 1829. 

Died Aug. 23, 1887. 
lARoche, R., Philadelphia, Pa. (19). 
Laael, Edward, Wllllamstonn, Mass. (1). Bora Jan. 21, 1B09. Died Jan. 

81, 1863. 
Lavrford, Frederick, Montreal, Canada (11). Died In 1866. 
Lawrence, Edward, CbarlestowQ, Mass. (18). Born June, 1810. Died 

Oct. 17, 1886. 
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Lea, Iflsac. Plilla., Pa. (l). Bora March *, 1792. Died Dec. 8, 1886. 
Le Conte, JobD Lawreoce, Philadelphia, Pa. (1). Born Uaj 18, ISSS. 

Died Nov. IS, 1S3S. 
IiCderer, Baron tod, Waahtngton, D. C. (I). 
LIbbey, Joseph. Qeorgetown, D. C. (SI). Died Jul; SO, ISM. 
Lleber, Oscar H., Colambla, 8. C. (8). Boni Sept. 6, ISSO. Died Jane 

27, 18S2. 
Llncklaen, Ledyard, CaienoTla, N. T. (1). Died April 2S, 1881. 
LlOBley, James H., Stafford, Conn. (1). Bom Hay 6, 1787. Died Dec. 28, 

IStS. 
ZiOckwood, Moses B., Providence, B. I. (9). Died In 1879. 
XiOgan, William E., Montreal, Canada (1). Born April 28, 1798. Died 

Jane 22, 1875. 
Lotteau.EralleP., Bmssels, Belglnni (SB). Died April 80, 1886. 
Loosey, Charles F., NBwTork,N. T. (12). 
Lothrop, Joshua B., BuOUo, N. T. (16). 
Lowrie, J. R., Warrlorsmark, Pa. (29), Died Dec. 10, 188B. 
Lull, Edward P., Washington, D. C. (28). Born Feb. 20, 188S. bled 

March 6, 1887. 
Lyon, Sidney S., JeH^rsonvllle, Ind. (20). Born Aug. 4, 1S08. Died Jnne 

!4, 1872. 

M'ConIhe, Isaac, Troy, N. T. (B). 

McCntchen, A. R., Atlanta, Oa. (25). Died Nov. 21, 1887. 

McFadden, Thomas, Westervllle, Ohio (30). Born Nov. 9, 182S. Died 

Nov. 9, 1883. 
HcLachlan, J, S., Montreal, Can. (SI). 
McMahon, Mathew, Albany, N. T. (U). 
Maack, O. A., Cambridge, Ma«a. (18). Died In Aug., 187S. 
Macrariane, James, Towanda, Pa. (29). Died In 188S. 
Mahan, Dennis H., West Point, N. T. (9). Born April 2, 1802. Died Sept, 

16, 1871. 
Marler, George L., Montreal, Can. (91). 
Marsb, Dexter, QreenSeld, Mass. (1). 
Marsh, James E., Boxbnry, Mass. (10). 
Martin, B. N., New York, N. Y. (28). Died Dec. 26, 1883. 
Mather, William W., CotambDs, Ohio (1). Bom Hay 24, 1804. DIedFeb. 

27, 18G9. 
Maude, John B., St. Lonis, Mo. (27). Died In April, 1879. 
MauplD, S., Charlottesville, Va. (10). 
Heade, George Q., Philadelphia, Pa. (IS). Born Dec, 80, I81B. Died 

Nov. 6, 1872. 
Ueek, F. B., Washington, D. C. (6). Bora December 10, IBI7. Died 

December 21, 1876. 
Meigs, James Altken, FhlUdelphIa, Pa. (12). Born Jnly 80, 1829. Died 

Nov. ft, 1879. 
Mlnlfle, William, Baltimore, Md. (12). Bom In 1806. Died OcL 94, ISSO. 
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Httcfael, O. H., ancloniti, Ohlo(3). Bora Aug. 28, IBIO. Died Oct. SO, 

IS6S. 
MItcbell, Vnillkin, FoDghkeepste, K. T. (8). Died April 3, IS6S, aged 78. 
Mitchell. Wm. H., Florence, Ala. (IT). 
Morgan. Lewis H., Bocbester, N. T. (10). Bora Not. 21, 18IS. IMcd 

Dec. IT, I88I. 
Morean, Mrs. Maty K., Rochester, N. T. (31). Died Id 1884. 
Morris, JotiiiB.,KuhvIlle, TeDD. (2S). 
Morton, Samaol 0., Philadelphia, Pa. (1). Born Jan. 26, IT99. Died 

Mar 16> ISGl. 
Monroe, Nathan, Bradftrra, Mass. (S). Bom Ha; 16, 1804. Died JdI; 8, 

1866. 
Monroe, William, Concord, Mass. (18). Died April 27, 18TT. 
Madge, BeqJBQtD P., Manhattan, Kanaaa (2E). Bora Aug. 11, 181T. Died 

KoT. 21, ISTS, aged 62. 
Mnlr, William, Montreal, Can. (81). Died Jutj, 1886. 
Mnssey, William H., Cincinnati, Ohio (SO). Bora Sept. 13, 1818. Died 

Ang. 1, 1883, 

NewUnd, John, Saratoga Springs, N. Y. (38). Died Jan. 18, 1880. 

Newton, B. H., Cambridge, N. T. (1). 

NicholB, Charlea A., Providence, B. I. (17). Bora Jan. 4, 182G. Died 

Oct. 20, 1877. 
Nichols, William Btpley, Boston, Mass. (18). Died July 14, 1886, aged 89. 
Nicholson, Thomas, New Orleacs, La. (21). 
Nlcollett, Jean N., Washington, D. C. (1). Bora Jnly 84, 1786. Died 

Sept. 11, 1848. 
Norton, John P., New Haven, Conn. (I). Bora July 19, 1822. Died Sept. 

S, 18S3. 
Norton, William A., Hew Haven, Conn. (6). Born Oct 25, 1810. Died 

Sept. 21, 1888. 
Hoyes, J. 0-, New Orleans, La. (31). 
Nntt, Cyras, Bloomlngton, Ind. (20). Died In I87S. 

Oakes, Wm., Ipawlch, Mass. (1). Born July 1, 1T99. Died July 81, 1848. 
Ogden, Robert W., New Orleans, La. (21). Died March 24, ISTS. 
Ogden, William B., High Bridge, Westchester Co., N. y. (IT). Bora In 

1806. Died Ang. S, 1877. 
Olirer, Hlsa Hary B., Ithaca, N. T. (20). 
Olmated, Alexander P., New Haven, Conn. (4). Born Dec. 20, 182!. 

Died Hay 6, 1S68. 
Olmsted, Denlson, New Haven, Conn. (1). Bora Jane 18, I7B1. Died 

Hay IS, 1869. 
Olmsted, Denlson, Jr., New Haven, Conn. (I). BoraPeb. 16, 1824. Died 

Aug. 15, 1846. 
Orton, James, Ponghkeepile, N. T. (18). Died Sept. 24, ISTT. 
Osbnn, Isaac J., Salem, Mass. (29). 
Otla, George Alexander, WashiDgton, D. C. (10). Bora Nov. 12, 1830. 

Died Feb. S3, 1881. 
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Packer, Harry E., Htiach Cbank, Pa. (SO). Died Feb. 1, 1884. 

PatDter, Jacob, Lima, Fa. (38). Died Id 1876. 

Painter, Mlnshall, Lima, Pa. (T). 

Parker, Wilbur P., West Merlden, Conn. (!8). Bled In 1876. 

Parkman, Samnel, Boston, Mass. (1). Died Dec. 16, 1851, aged SB. 

Parsons, Henry B., Hew York, N. Y. (80). Born In 18BS. Died Ang. SI, 

1886. 
Payn, Charles H., Saratoga Springs, N. Y. (28). Bom Hajr 16, 1814. 

Died Dec. SO, 1881. 
Pelrce, B. O., Beverlj, Haas. (18). Died Hot. IS, 168S, aged 71 years. 
Pelrce, Benjamin, Cambridge, Mass. (1). Bora April i, 1809. Died Oct. 

6, 1880. 
Perch, Beraard, Frankford, Pa. (SB). Died In 1887, aged S7 years. 
Perkins, George R., Utlca, N. Y. (I). Born May 8, 181i. Died Aug. M, 

1876. 
Perklna, Henry C, Newbnryport, Mass. (16). Bora Nov. 13, 1801. Died 

Feb- a, 1878. 
Perry, Jobn B., Cambridge, Mass. (16). Died Oct. 8, 1872, aged 52. 
Perry, M. C, Bow York, N. Y. (10). 
Pbelpa, Mrs. Almira Hart Lincoln, Baltimore, Hd. (18). Died July IS, 

1681, in her Slst year. 
Pbilllps, John C, Boston, Mass. (S»). Died March 1, 1886, aged 46 yrs. 

Piggot, A. Snovden, Baltimore, Ud. (10). 

Plm, Bedford Clapperton Trevelyan, London, Eng. (38). Died Oct., 1866, 

aged 60 years. 
Plait, W. a., Philadelphia, Pa. (82). Died Not., 1885. 
Plumb, OTld, Salisbary, Conn. (9). 
Pope, Charles A., St Loaia, Mo. (12). Bom May 16, 1818. Died 3alj S, 

1870. 
Porter, John A., New HaTen, Conn. (II). Born March 16, 1822. Died 

Ang. 26, 1B66. 
Potter, Stephen H., Hamilton, Ohio (80). Bora Not. 10, 1812. Died 

Dec. 9, 1888. 
Ponrtal6s, Lonls Francois de, Cambridge, Mass. (1). Bora in 1823. Died 

Jnly 16, 1680. 
Prayn, John V. L., Albany, N. T. (1). Bora Jnne 32, 1811. Died Not. 31, 

1677. 
Pugh, Bvan, Centre Co., Pa. (11). 

Pnlairer, Sidney, Philadelphia, Pa. (21). Died March 21, 1681. 
Pntnam, Mrs. T. W., Cambridge, Mass. (19). Bora Dec. 29, 1888. Died 

March 10, 1879. 
Pntnam, J. Duncan, DaTenport, Iowa (27). Born Oct. 18, 1865. Died 

Dec. 10, 1881. 

Read, Ezra, Terre Hante, Ind. (20). Died In 1877. 

Bedfleld, William C, New York, N. T. (1). Bora March 26, 1789. Died 

Feb. 12, 1867. 
Besor, Jacob, Cincinnati, Ohio (6). Died in 1871. 
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Robb, Jatnea, Predericton, N. B. (4). 

Boblnaon, Coleman T., Buffalo, N. T. (16). 

Rochester, Tbonuis F., BnSUo, K. 7. (8fi). Died Ma.; 3S, 188T. 

Jtockwell, John A., Norwlcb, CooD. O^)- Boni AogDSt 27, 180S. Died 

Februarj 10, 1S61. 
Roeder, V. A., Clrclnnatl, Ohio (80). 

Rogers, Henry D., Glasgow, Scotland (1). Born 1S09. Died Hay 19, 18U. 
Rogers, James B., FhlUdelphls, Fa. (1). Bom ^ebmarj 22, ISOS. Died 

Juue 15, ises. 

Rogers, Robert E., Philadelphia, Pa. (18). Died Sept. 7, ISSf. 
Rogcn, wnilsm Barton, Boetoo, Masa. (1). Boni Dec. 7, 1S04. Died 

May 80, 1»82. 
Root, ElIhQ, Amherst, Masa. (25). Born Sept 14, letS. 

Sager, Abram, Ann Arbor, HIch. (6). Bom December 22, 1810. Died 

Augnat 6, 18T7. 
Sanders, Benjamin D., Wellabni^, W. Ta. (19). 
Schaeinsr, Geo. C, Waablngton, D. C. (l). Died In 1878. 
Schley, Wlltiam, New Tork, N. T. (26). Died In 1882. 
Scott, JoB«pli, Dnnham, C. E. (11). Died In 1866. 
Sesman, BiraC, Ann Arbor, Mich. (20). Bora Oct 14, 180S. Died Jalj 

17, 1879. 
Senter, Harder S., Aledo, HI. (30). Died In 187B. 
Seward, WllUim H., Aabnm, N. T. (1). Bora May IB, 1801. Died Oct 

to, 1872. 
Sheppard, William, DmmmondTille, Province of Qoebec, Can. (11). 

Bora In 1783. Died In 1887. *, 

fiherwin, Thomas, Dedham, Masi. (11). Bom March 26, 1T99. phd 

July S3, 1869. 
Sllliman, Benjamin, New Haven, Conn. (I). Bom Aagaat 8, 1779. Died 

November 22, 1864. 
Sllliman, Benjamin, New Haven, Conn. (1). Bora Dec. 4, 1816. Died 

Jan. 14, 1886. 
Skinner, John B., Bnffblo, N. T. (IS). Died In 1871. 
Slack, J. H., Philadelphia, Pa. (12). 
Smith, Charles A., St. Lonls, Ho. (27). Died in 1884. 
Smith, David P., SprlngDeld, Haas. (29). Bora Oct. 1, 1880. Died Dec 

2S, 1880. 
Smith, Mrs. Ermlnnle A., Jersey City, N. J. (26). Died Jnna 9, 1886, 

aged 48. 
Smith, J. Lawrence, Lonlsvllle, Ey. (1). Bom Dec 16, 1818. Died Oct 

12,1883. 
Smith, J. v., Cincinnati, Ohio (G). 
Smith, James Y., Providence, R. I, (9). Bora September 16, 1609. Died 

in 1878. 
Smith, Lyndon A., Newark, N. J. (9). Bora November 11, 1796. Died 

December 16, 1866. 
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SdcII, Eb«nezer 8., Amherst, Maaa. (2). Bora October 7, ISOl. Died in 

September, 187T. 
Sparks, Jared, Cambriage, Mass. (2). Bom May 10, 1819. Died Harcb 

14, 186S. . 

SpiDElg, Chftrles, St LoqIs, Mo. (27). Died Jan. 22, 1882. 
Steams, JoaUti A., Boston, Mass. (29). 

Steele, Joel DomiBD, Elrnlra, N. T. (S3). Died May 26, 1880. 
StlnipsoD, Wllllain, Chicago, 111. (12). Died Ma; 26, 1872. 
Stone, Samuel, Chicago, III. (17). Born Dec. 6, 1T9S. Died Mftyj, 1876. 
St. John, Joseph S., Albany, N. Y. (28). Died Nov. 23, 1882. 
Straight, H. H., Chicago, 111. (25). Died Sov. 17, 1886. 
SulllTon, Algernon Sidney, Nevr Tork, N. T. (66). Died Dec. i, tSST. 
SalUfant, William B., Colnmbns, Ohio (7). Bom Jan IS, 1808. Died 

April 80, 1873. 
Sntton, Oeorge, Anrora, Ind. (20.) Died June 18, I8S6. 
Swain, James, Fort Dodge, Iowa (21). Born In 1816. I>led Id 1677. 

Tallmadge, James, New Tork, N. Y. (I). Bom 3m. 20, 1778. Died Oct. 

8, 1863. 
Taylor, Arthur F., Cleveland, Ohio (29). Bora Dec. 10, 1668. Died 

jQoe 28, 1688. 
Taylor, Richard C, Philadelphia, Fa. (1). Born Jannary 18, 1789. Died 

. November 26, 1861. 
Tenney, Sanborn, Willi am stown, Mass. (17). Bomln Jsnaary, 1827. Died 

July 11, 1877. 
Teachemacher, J. B., Boston, Mass. (1). Died Nov. 9, I6S8, aged 68. 
Thompson, A. Bemsen, New York, N. Y. (I). Died In Oct., 1679. 
Thompson, Alexander, Aurora, N. Y. (1). 
Thompson, Charles O., Terre Haute, lod. (29). Died In I86S. 
Thompson, Zadocb, BurilngtoD, Tt. (1), Bom May 23, 1796. Died Jan. 

19, 1866. 
Thomson, Henry B., Crawfordsvllle, Ind. (80). Died in 1881. 
Thnrbor, Isaac, Providence, R. I. (9). 
Tillman, Samnel D., Jersey City, N. J. (16). Died In 1$7S. 
Tobln, Thomas W., Louisville, Ky. (SO). Died Aug. 4, 188S. 
Todd, Albert, St. Lonls, Mo. (27). Born March 4, 1813. Died April 

-80, 1886. 

Tolderoy, James B., Frederlcton, N. B. (11). 

Torrey, John, Now York, N. Y. (1). Bom Aug. IS, 1796, Died March 

10, 1878. 
Torrey, Joseph, Bnrllngton, Vt. (2). Bom Feb. 2, 179T. Died Nov. S6, 

1867. 
Totten, Joseph O., Washington, D. C. (1). Bom Augast 2S, 17S8. Died 

April S2, 1864. 
Townsend, Howard, Albany, N. T. (10). Died In 1867. 
ToWDSend, John K., Philadelphia, Pa. (1). 
Townsend, Robert, Albany, N. Y. (9), Died in 1806. 



jM,Googlc 



DBCEABBD KBHBSBS. XCVli 

Troost, G«T»rd, NuhTllle, Tenn. (I). Boro March 16, tJlt. Died Aug. 

14, 1860. 
Tnomey, MIcbael, TdbcsIoobb, Alft. (1). Bora 8«ptember S9, I80S. Died 

March £0, 1867. 
Tyler, Edward R., New Haven, Conn. (1). Boin Ang. S, ISOO. IMed 

Sept. 28, lUS. 

Vancleve. John W., Dayton, Ohio (1). 
Vannxem, Lardner, Bristol, Pa. (1), 

Vanx, William 8., Philadelphia, Fa. (1). Born Haj IB, ISIl. Died May 
6, 1883. 

WadBworth, James S., Qenesee, N. T. (3). Bora October SO, 1807. Died 

May 8, IBM. 
Wagner, Toblae, Philadelphia, Pa. (9). 
Walker, J. R., Bay Saint LoaU, Miss. (19). Bora Ang. T, 1880. Died Jddo 

22, 1887. 
Walker, Joseph, Oxford, N. T. (10). 
Walker, Sears C, WashtogtoD, D. C. (I). Bora March 28, ISOB. Died 

Janaary 80, 186S. 
Walker, Timothy, Cincinnati, Ohio (4). Born Dec 1, 1802. Died Jan. 

IS, 1858. 
Walsh, Benjamin D., Rock Island. 111. (17), 
Waoser, Ira, Brookfleld, Conn. (18). Bora April 17, 17H. Died March 

6, 1879. 
Wamecke, Carl, Montreal, Can. (31). Died May U, ISSfl. 
Warren, Geo. Washington, Boston, Mass. (18). Died In 1884. 
Warren, Oouveraeor Eemble, Newport, B. I. (12). Died Aag. 8, ISSS, 

In his 64th year. 
Warren, John C, Boston, Mass. (1). Bora Ang. 1, 1778. Died May 4, 

1866. 
Watertowo, Charles, Wakelleld, Eng. (1). 
Watktns, Samael, NaahTllle, Tenn. (26). 
Watson, J. Craig, Ann Arbor, MIcb. (18). Bora Jan. 28, 1888. Died 

Not. 23, 1880. 
Webster, Horace B., Albany, N. T. (1). Died Dec. 8, 1848, aged 31 years. 
Webster, M. H., Albai^, N. T. (1). 

Webster, J. W., Cambridge, Mass. (I). Died Ang. 80, 18E0, aged 67. 
Weed, Monroe, Wyoming, N. T. (6). Died In 1887. 
Welch, Mrs. Q. 0., Lynn, Mass. (21). Died In Jnne, 1882. 
Welsb, John, Philadelphia, Pa. (88). Died May, 1886. 
Weyman, George W., Fltlsbnrgh, Pa. (fi). Bora April, 1SS2. Died Jnlj 

16, 186t. 
Wheatland, Biohard H., Salem, Mass. (18). Bora Joly 6, 1880. Died 

Dec 21, 1888. 
Wheatley, Charles M., PhtBolxriUe, Pa. (1). Died Hay 6, 1882. 
Wheeler, Arthur W., Baltimore, Md. (29). Born In March, 1869. Died 

Jan. e, 1S81. 
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White, Somnel S., Fhtlulelphia, Fa. (23). Died Dec 30, 1879. 

Wbttlng, Lewis E,, Saratoga Sprfaga, N. T. (26). Born March 7, 181S. 

Died Ang. 2, 18B2. 
Whitman, Edmand B., Cambridge, Masa. (29). Died Sept. 2, IBSS. 
Whitman, Wm. E., Philadelphia, P&. (211). Died In 18T5. 
Whitnejp, Asa, Philadelphia, Pa. (1). Boni Dec. 1, 1T91. Died Jnne 4, 1874. 
WhttUeaey, Charlea, Clevelaad, Ohio (1). Boni Oct. 6, 1808. Died Oct. 

18, 1886. 
Whlttleser, Charlea C, St. Lonla, Mo. (11). Died In 187S. 
Wilder, Qmbaro, LoalaTille, Kj. (80). Born Jalj 1, 181S. Died San. 16, 

1886. 
WUlard, Emma, Troy, N. T. (16). Born Feb. 23, 1787. Died April 15, 

1870. 
WilUama, Frank, Bnfflilo, N. T. (26). Died Aug. 18, 1881. 
Williamson, R. S., San Franclaco, Cat. (12). 
Wilson, W. C, Carlisle, Pa. (12). 
Wlnlock, Joseph, Cambridge, Mass. (6). Born Feb. 6, 1826. Died Jane 

11, 1876. 
Woodbor7, Levi, Portsmontta, N. H. (1). Bora Dec. 23, IT89. Died Sept. 

4, 18B1. 
Woodman, John 8., Hanover, N. H. (II). Bom In 1819. Died Ht^ 15, 

1871. 
Woodward, J. 3., Washington, D. C. (28). Born OcL 80, 1888. Died 

Aog. IT, 1884. 
Wright, Ellzor, Boston, Haas. (SI). Bom Feb. 12, 1801. Died Nov. 30, 

1886. 
Wright, Harrison, Wllkea Barre, Pa. (29). Bom JdIj 16, 1860. Died 

Feb. 20, IS86. 
Wright, John, Troy, N. Y. (1). 
Wymou, JeffHes, Cambridge, Maas. (1). Born Aog. II, 1814. Died Sept. 

4, 1874. 

Tamall, H., Washington, D. C. (26). Bora In 1817. Died Jan. 27, 1879. 
Tonmans, Edward L., New York, N. T. (6). Bora Jane S, 1821. Died 

Jan. 18, 1887. 
Tonng, Irs, Hanover, N. H. (1). Died Sept. 14, 1868, aged S7. 
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E. S. MORSE, 

THE KETIRIXG PRESIDENT OP THE ASSOCUTIOK. 



Ladies amd Gentlbmbn of thb American AsaociATiON for the 

AdTANCFMBNT of SciKSCE : — 

Blbveh years ago I liad tbe honor of reading before this associa- 
tion an address in which an attempt was made to ahon what Amer- 
ican zoologists had done for evoiution. My reasons for selecting 
tbis subject were, first, that no general review of this nature had 
been made ; and, second, that many of the oft-repeated examples in 
support of the Derivative theory were from European sources and 
did not carry the weight of equally important facts, the recor<is of 
whicb were concealed in our own scientific journals. Darwin was 
pleased to write to me that most of the facts I had mentioned were 
familiar to him, but to use his own words be was amazed at their 
number and importance when brought together in this manner. 
The encouragement of his recognition has led me to select a con- 
tinuation of this theme as a subject for the customary presidential 
address, a taste which is at best a thankless if not a profitless one. 
Hat.1 1 faintly realized, however, the increasing number and impor- 
tance of the contribntions made by our students on this subject, I 
sbould certainly have chosen a different theme. 

Incomplete as is this record of ten years work I am compelled 
to present it. In the Buffalo address two marked periods in the 
work of the zoologists in this country are recognized : tbe one pe- 
riod embracing tlie work of the tojwgr a pliers, the field surveyors 
in the science ; the other period dating from tiie advent of Agas- 
Biz with the wonderful impulse he imparted to the study by his 
enthusiasm and devotion. A third period in American zoological 
science, and by far tbe most important awakening, dates from tbo 

(1) 
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pablication of Darwin'a "Origin of Species." Its effect on zooiog- 
ical literature was etrikJng. Tlie papers were first tinged with 
the new doctrine, tlien saturated, and now, witliout refereace to the 
tlieory, Derivation is taken for granted. 

As zoologists we are indebted to Darwin for the wide-apread 
public interest in our work. Before Darwin the importance of our 
special studies was far outweighed by the practical value placed 
upon science in the application of wbich an immediate material 
gain was assured. Chemistry, pbysics, geology were important 
only because a practical application of these sciences was capable 
of showing an immediate material return. 

Agassiz, in his appeal to the state for appropriations for the great 
Museum at Cambridge, insisted that there were higher divideuds 
than those of money to be looked for in endowments for zoological 
museums and these were intellectual dividends. While tlie force 
of this appeal will always remain true, the transcendent impor- 
tance of the naturalist's studies from tlie standpoint of Darwia 
is widely recognized. Alan now becomes an object of rigid scien- 
tific scrutiny from the new position which has sUed such a Sood of 
light upon tbe animals below him. His habits, beliavior, the phys- 
ical influences of his environment and tbeir effects upon him, 
trausmission of peculiarities through the laws of heredity, — all these 
factors are directly implicated in tbe burning questions and prob- 
lems which agitate him to-day. Questions of labor, temperance, 
prison reform, distribution of charities, religious citations are 
questions immediately concerning tbe mammal man and are now 
to be seriously studied from the solid standpoint of observation 
and experiment and not from tbe emotional and often incongruous 
attitude of the church. To a naturalist, it may seem well nigh 
profitless to discuss tlie question of evolution since the battle has 
been won, and if there be any discussion it is as to the relative 
merits aud force of the various factors involved. The public, 
however, are greatly interested in the matter as may he seen by a 
renewal of the fight in the EngUsb reviews, and the agitation ia 
still kept up by well-meaning, though ignorant advisers, who inaist 
that science has not yet accepted tbe doctrine ; and great church 
oiganizations meet to condemn and expel their teachers of science 
from certain schools of learning because their teachings are im- 
bued with the heresy. 

Dr. Asa Gray,' in his discriminating biographical memoir of 
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Darwin, says in regard to the *' Doctrine of Descent " "it is an ad- 
vance from which it is evidently impossible to recede. As has been 
said oftlie theory of the Conaervation of Energy, so of this: 
'The proof of this great generalization, like that of all other gen- 
eralizations, lies mainly in the fact that the evidence in its favor Is 
continually augmenting, while that against it is continually dimin- 
ishing, as the progress of science reveals to us more and more the 
workings of the universe.'" Let us examine then the evidences, 
trivial as well as important, that have been recorded by American 
zoologists within the past ten years in support of the Derivative 
theory. 

Without further apology for the very imperfect character of this 
survey, let me at once begin by calling attention first to the testi- 
mony regarding the variation in habits and evidences of reasoning 
power in animals. The establishment of individual variation in 
mental powers, change in habits, etc., lies at the foundation of Dar- 
winism as furnishing material for selective action. There is no 
gronp of animals which exceeds the birds in varied and suggestive 
material for the evolutionist. It is a significant fact that the birds, 
which appeared to Cuvier and his contemporaries a closed type, a 
group that seemed to fulfil the ideal conception of a class arche- 
type, as compared with other groups which bad their open as well as 
ol)scure relationships, should be of all groups the one that first 
yielded its exclusive characteristics. In fact there is no group in 
which the barriers have been so completely demolished as in this 
apparently distinct and isolated class. An attentive and patient 
study of the birds has established almost every point defined by 
Darwin in his theory of natural selection. One has only to recall 
the marked reptilian afflnities as shown in their embryological and 
paleontol<^ical history. Besides all these structural relationships 
the birds possess as a group remarkable and striking illustrations 
of variation in color, size, marking, nesting, albinism, melanism, 
moulting, migration, song, geographical variation, sexual selec- 
tion, secondary sexua! characters, protective coloring ; and in their 
habits show surprising mechanical cunning and ingenuity, curious 
and inexplicable freaks, parental affection, hybridity, — indeed the 
student need go no farther tlian the birds to establish every prin- 
ciple of the Derivative theory. 

The many observations on the nesting habits of birds would 
form a curions chapter as ilLustrating the individual peculiarities 
of these creatures. 
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Dr. A. S. Packard ' records the fact, as related to him by Mr. 
Wyatt, of wild geese nesting in large cotton-wood treea on Snake 
river, west of the Rocky moiintftins, and Doctor Coiiea in bis 
" Birds of the Nortliweat" saya wild geese " neat in various parta 
of the Upper Missouri and Yellowstone regions in trees." Mr. H. 
W. Turner^ observes a robin nesting on the ground. The late Dr. 
T. M. Brewer* points out some very curious "Variations in tbe 
Nests of the same Species of Birds." He not only obaervea indi- 
vidual variation in nest structure, but shows that in different re- 
gions of the country birds of the same species build different 
kinds of nests, and in reflecting on these peculiarities lie is led to 
say " If we cannot understand what it can be tliat stimulates an 
Empidonax in Statcn island to bnild a pensile nest, while its fel- 
low ia Indiana builds one like a deep cup and suiTounded with 
thorns, and another group in Pennsylvania put theirs on an ex- 
posed tree top, and so flat tliat the eggs seem liable to roll out, 
we must see that some cause, hidden to us, is gradually effecting 
changes that sooner or later may become universal in the species, 
though which it is to be we may not be able to imagine." 

Mr. J. A. Allen,* in writing on the inadequate theory of birds' 
nests, shows grave and important exceptions to Wallace's theory, 
though he subscribes heartily to his philosophy of birds' nests. He 
expresses surprise that closely allied species of birds should often- 
times build divers kinds of nests, overlooking the fact tliat even 
closely allied varieties of man build entirely unlike houses. 

Mr F, H. Knowlton" records a cliff swallow appropriating, for 
the construction of its own nest, pellets of mud which were being 
brought by another swallow. Also the curious fact that a num- 
ber of swallows were observed busily engaged in sealing up a 
nest in which one of their comrades lay dead. Among the curi- 
ous traits of birds, Mr. H. B. Bailey ' communicates some new ones 
observed in the red-headed wootipecker by Mr. Agersborg of Da- 
kota territory. This gentleman had observed one of these birds 
wedging grasshoppers in a large crack of an old oak post. Nearly 
a hundred were stored away in this manner, the bird afterwards 
feeding at leisure on the supply. This parallels the habit of the 
California woodpecker storing acorns in holes in tbe tree and sub- 
■ sequently feeding on the fully developed larvse within the seed. 

Mr. O. P. Hay,8 in a late number of the Auk, has an interest- 
ing paper on the red-headed woodpecker as a hoarder, showing that 
the bird makes accumulations of beech DUts, pounding them be- 
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tween the sbingles of a roof, wedging them into crevices and stor- 
ing them in cavities in trees. 

Tlie plausible suggestion made by Darnin as to the agency of 
aquatic bii-ds in the wide dispersal of fresh-water molluska, was 
eingiilarly confirmed several years after by Mr. Ailhur F. Gray 
shooting a duck wliich had clinging to one of its toes a fVeah-water 
muasel. Dr. J, W, Fewkes* has recently recorded the shooting of 
a duck in Seliec, Maine, which was in like manner transporting a 
fresli-water mussel. The same bird had been observed several 
days before with this curious companion clinging to its foot, and 
had the duck been migrating at the time it might have transported 
the mussel many hundreds of miles. In this connection it would 
be an interesting inquiry as to how far tlie sirailaiity observed ia 
north temperate and circum[>olar animals is due to the annual 
migration of birds noitli and south. 

Mr. William Brewster "> notes some interesting features in the 
habits of a young Kittiwake gull of the St. Lawrence. He 
bronglit home a youug one, its mute having died of thirst, the 
otiier one surviving through the accidental discovery that the biivl 
dranic only salt water! Both the birds obstinately refused to 
drink fresh water. Observations on this bird by Prof. A. Hyatt 
showed how slowly and timidly it acquired the art of swimming 
and flying. The bird when first forced to By was thrown into the 
air and to the suri)rise of Professor Hyatt flew with great rapid- 
ity and precision, circling about the house and through the apple 
trees, and, finally, flew near him several times in the greatest agi- 
tation till he caught the bird which was completely exhausted. 
For a long time the bird went through this manoeuvre, showing that 
white be knew how to fly it could not alight, though it Qnally 
acquired this faculty. Prof. L. A. Lee^' records a remarkable at- 
tack made on him by a marsli liawk, and Mr. Abbott M. Frazeri' 
telis of a tanie crow deliberately standing on an ant hill and per- 
mitting the ants to remove the parasites from its feathers. In 
this connection a paper by Mr. Joseph F. James '^ shoidd be read 
in which he shows by a number of ai^uments that animals not 
only present a reasoning faculty, but that this faculty has been 
the result of slow evolution. 

Mr. Xenos Clark, '^ in an exceedingly interesting article on the 
music of animals and particularly the music of birds, concludes 
by saying there is " a theory for the origin of melody, whether 
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human or extra-human, which, besides the usual basis of phyaiolog- 
ical acouaticB, employs the law of modified, inherited, selected and 
adapted structure, i. e., the law of evolution." 

Mr. Ruthven Deane '^ records cases of albinism and melanism in 
a great many families of birds, and Mr. N. C. Brown " shows the 
variable abundance of birds at tbe same locality in different yeara. 
In this connection it will be of interest to read Dr. L. P. Grata- 
cap's 1* paper entitled " Zoic Maxima, or Periods of Numerical Va- 
riations in Animals." 

The behavior of wild birds when kept in confinement and tbe 
attempts made in domesticating them have always furnished an in- 
teresting field for study. The curious freaks and impulses whicli 
they often betray, the changes they show under the new conditions, 
indicate in some measure tbe plasticity of their organization. 

Hon. Jolin D. Caton,'''' in an interesting paper on "Unnatural 
Attachments among Animals," records a curious fondness shovro 
by a crane for a number of pigs, and in another paper on the 
" Wild Turkey and its Domestication "'^ this writer has made some 
valuable records of tbe successive changes which take place in the 
bird during tbis process ; changes in color during which the more 
conspicuous features of protective coloring are lost; changes in 
habit in which is seen the undoing or relaxing of those features 
which indicate constant vigilance, from carrying itself in a semi- 
erect attitude, pei-cbing on the tallest trees, covering up the eggs 
carefully with leaves when off tbe nest, etc., to moving in anhori* 
zontal attitude, perching near the ground, covering the eggs but 
slightly, or carelessly, etc., and losing that wildness which char- 
acterizes the bird in its wild state. At the breeding season, bow- 
ever, tbe females became wild again, but this was a feature too 
deeply implanted to show modification in the time allotted to Mr. 
Catoti's experiment. The same writer'^ has also observed in the 
Hawaiian Islands the effects of reversion to a wild state of differ- 
ent kinds of domestic animals which have from time to time been 
carried there. Among other animals be was fortunate enough to 
observe the undoing stages in tbe domestic turkey and the assump- 
tion of those features which characterize the wild bird. 

A gi-eat many facts illustrating tbe plainest features of natural 
selection, protective coloring, mimicry, etc., have been recorded 
in our journals from time to time. A brief allusion may be made 
to a few of these. 
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Prof. Samnel F. Clarke >" notices a pronouDced case of natural 
selection, — a case which must often occur in nature. He kept in 
large glass Jars masses ot eggs of Amblystoma. As soon as these 
eggs began to hatch he found it difBcalt to provide the young with 
suitable food, and yet they seemed to thrive. On examination 
many of them were seen to be engaged in nibbling the branchla 
of others, and as they increased in size they were seen to swal- 
low tLe weaker individuals bodily and hence grow with increased 
rapidity. " Here then," he says, " was a very interesting case of 
Batiiral selection by survival of the fittest. All the weaker individu- 
als being destroyed and actually aiding the stronger ones by serving 
tbem as food until they could pass through their changes and escape 
to other regions where food was more abundant." Prof. B. G. Wilder 
has recorded a similar condition of things in a species of spider 
where the yonng spiders within the case enclosing the eggs were 
feeding on the weaker ones. Prof. Henry L. Oaborn^' observes 
a curious case of mimicry at Beaufort in the coloring of a species 
of Ovulnm which frequents a species of Leptogorgia. The Ovu- 
lum was yellow in color on the yellow variety of this sea fan, and 
purple when living on the purple variety. Dr. R. E. C. Stearns " 
has made some interesting notes on protective coloring in Phiy- 
nosomse. Having collected these horned lizards (or toads as tliey 
are commonly called) in Central California, be has noticed that if 
the ground region they frequent is yellowish, the lizards are with- 
out exception of that color ; if ashen giey, then that color is sim- 
ulated, and this, witltout exception. Further than this he is " led 
to believe that a suGBcient number of living specimens will show a 
similar protective factor, in degree of development of the scale im- 
brications, tubercles so called, and horns — or. In brief, in tite sculpt- 
ure aspect as related to the surface texture of the ground wjiich 
forms tile local habitat of these forms." Dr. A. S. Packard^'' 
has observed the partiality of white butterflies for white flowers. 
He notices the European cabbage butterfly, which is white, go di- 
rectly to the white aster and rarely visit the golden rod, while the 
yellow sulphur butterfly visits the yellow flowers of the golden rod 
oftencr than those of the aster. The same author^ also observed a 
harmless Egerian moth which deceived the sharp eye of a trained 
entomol<^st by its resemblance to a wasp, and asks why a bird 
may not be equally deceived. Miss Sarah P. Monks^^ observed a 
case of mimetic coloring in tadpoles, their tails precisely resem- 
bling the leaves of an aquatic plimt, Ludovidgia. 
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Mies Mar; E. Murtfeldt^ having noticed that the butterfly, Py- 
rameis kunteri, atw&yB deposited its egga on the plant Anteiinaria, 
she was surprised to find a number of larvse of this butterfly on 
Artemisia. The customary plant being rare in the immediate vi- 
cinity, the butterOy bad been misled by the surface resemblance of 
the white cottony leaves of the Artemisia to those of the accus- 
tomed food plant. In this case the larvee all died. 

An unquestionable fact has been finally established by recent 
methods of observation on the habits of insects and other animals, 
and that is that individuals of the same species vary in intelligence : 
that they are not automata ; that they are not impelled by a blind 
instinct to perform certain acts with unerring accuracy, but on the 
contravj' that they vary and often greatly vary in their ability to 
provide for their young, in their skill to secure sufficient food, in 
their wit to avoid danger, — in other words, tbey make blunders and 
mistalieB and involve their progeny and even their colony in rain. 
This individual variation in intelligence is brought out very clearly 
by a patient aeries of observations made by Drs. G. W. and E. G. 
Pe<:l<ham ^ on tiie special senses of wasps. They not only re- 
peated many of the experiments of Sir John Lubbock but many 
new and ingenious experiments were devised. Their studies were 
for the pur|>ose of investigating the mental power, aense of hear- 
ing, color, direction, memory, emotion, power of comraunicalioD, 
general intelligence, etc. An interesting result of their painstak- 
ing work was the determination of individual differenceg as to the 
faculty of memory and power of distinguishing color and direction. 
This kind of study of tlie habits of insects has brought to light 
features of the most surpHsing character. The remaikable studies 
of Sir Jolm Lubbock, Dr. Moggridge and others in Europe have 
been paralleled in tliis country not only by the observations above 
quoted, but notably by the labors of Rev. H. C. McCook *« in his 
studies of the American ants and spiders. In various papers pub- 
lished in the Proceedings of the Philmlelphia Academy of Natural 
Sciences and in the American Naturalist, he has shown many ex- 
traordinary and curious features in the life histories of these ani- 
mals. Tlie great variety and extent of his work must be my excuse 
for not referring to it in detail. 

Prof. G. P. Atkinson,^ in studying a new species of trap-door 
spiiler, confirms the observations of others as to the creature de- 
liberately attaching fragments of moss to the lid of its nest in 
order to conceal its position. Dr. Thomas Meehan^ describes a 
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hornet tliat was gifted with great intelligence. He saw thta in* 
sect struggling with a large locust in unsnccessfiil attempta to tly 
away witli it. After several fruitless efforts to fly up from the 
ground with bis victim he finally dragged it fully tliirty feet to a 
tree, to tlie top of wliieh he lalmriou^ly ascended, still cliniring to 
his burden, and having atLaineil tliis eievaled position he flew off 
in a horizontal directioa witb the locust. Dr. Meehan truly says 
"'There was more than instinct in this act, there was reasoning on 
certain facts and judgmeat accordingly and the insect's judgment 
bad proved correct." 

A carions case of circumspection in ants is recorded by Dr. 
Joseph Leidy.3' In an empty house lie observed some ants feed- 
ing on crumbs of bread left by the workman. He at once placed 
pieces of bread in tbe diflerent rooms in the house only to find 
them the next day covered with ants, wliich he destroyed by caus- 
ing them to fall into a dish of turpentine. After a few days the 
ants no longer visited the bread and he supposed they had been 
exterminated. A few days after, however, he observed a number 
of anta in the attic feeding on the body of a dead 8y. He imme- 
diately got a tot of grasshoppers and distributed their bodies in 
all the rooms, only to find that they were soon covered with ants, 
which he destroyed as before. This treat continued attractive for 
a few days only, when the ants abandoned the food. In brief he 
tried meat, cake and various other articles In turn ; the ants for a 
while frequenting these snares only to learn the danger involved 
and finnlly avoided them. 

Tbe gradual dispersion of species in recent times is of great in- 
terest, and careful records should be made of tbe facts as observed 
and a collection of large numbers of individuals made, in oi'der to 
compare them witb specimens of the same species in future years, 
to ascertain tlie variation which may have taken place and the ten- 
dency of that variation. A number of observations have been 
published within the last ten years showing new areas of distribu- 
tion. itUonna lilorea, which has been creeping along the coast 
since 1869, as recorded by Gray, Verrill and others, has now 
reached the southern side of Long Island Sound as observed by 
Mr. Henry Prime.'* Lioplax aub-carincda, an Ohio river species, 
has been found in the Hudson river at Catskill landing. Limax 
wnwtDiMg, first found at Newport, R. I,, by Mr. Powel, has since 
been found at Cambridge, Mass., by Professor Hyatt. Bythinia 
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tentacutala, first recorded from Oaw^o, N. Y., by Kev. W. M. 
Beauchamp, 33 is reported as having been found at Buitington, Vl., 
by Gr. H. HudsoD. In the Mohawk river is a thriving oommunity 
of this Bpecies, the first having been placed there by Dr. Jamea 
Lewis. 
-^ Dr. E. E. C, Stearns," in commenting on the occurrence of Mya 
arenaria in San Francisco Bay, states that the first record of the 
species in California was made by Dr. Newcomb in 1874. Within 
a few years it haa increased in great numbers, furnishing a new 
food supply for the people. The evidence that it is a recent in- 
troduction is seen in the fact tliat so large and conspicuous a spe- 
cies could not have escaped the eye of the collector. No trace of 
it has ever been found in the numerous shellheaps of California, 
though it is found on the Asiatic coast, from Kamtchatka to the 
southernmost limits of Japan. Dr. Steams believes it to have 
been imported with the oyster transplanted from the Atlantic 
coast. From large numbers of the shells that I measured, the low 
index would show that it came from some southern point on the 
Atlantic coast. 

The delicate balance of conditions between organisms, whether 
it be between individuals of the same species or between widely 
separated groups, is an important feature in the question of survival. 
Prof, S, A. Forbes,'* in a thoughtful study of certain species bf 
Entomostraca in Lake Michigan and the surrounding waters, calls 
attention to the important part played by these minute crusta- 
ceans, showing how they furnish almost the entire food for young 
fishes, larger crustaceans and even insect larvfe. He writes : "Mol- 
luBca, one would say, could afibit) to be indifferent to them, since 
they neither eat them nor are eaten by them, nor seem to come in 
contact with them anywhere, through any of their habits or necessi- 
ties. But for this very reason these two classes afford an excellent 
illustration of the stringent system of reactions by which an as- 
■emblage of even the most diverse and seemingly independent or- 
ganisms is held together If there were no entomostraca 

for young fishes to eat, there would be very few fishes indeed to 
feed upon moUusca, and that class would flourish almost without 
restraint ; while, on the other hand, if there were no moUusca for 
the support of adult fishes, entomostraca would be relieved from a 
considerable part of the drain upon their numbers, and would mul- 
tiply sccordingly," He is much struck with the fact that in the 
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larger bodies of water, the species of eotomoftraca show an infe- 
rior development in numbers, size and robustness, and in reproduc- 
tive power. Their smaller number and size are doubtless due to 
the relative scarcity of food. "The difference of reproductive 
energy, as shown by the much smaller egg-masses borne by the 
lacustrine species, depends upon the vastly greater destruction to 
which tlie paludinal Crustacea are subjected. Many of tb^ latter 
occupy waters liable to be exhausted by drought, with a consequent 
enormous waste of eutomostracnn life. The opportunity for re- 
production is fa ere greatly limited — in some situations to early 
spring alone — and tlie chances fordestruction of the summer eggs 
in the dry and often dusty soil are so numerous that only the most 
proIiOc species can maintain tiiemselvcs under such conditious. 

"Farther, the marshes and shallower lakes are the favorite breed- 
ing gi'ounds of fishes, which migrate to them in spawning time, if 
possible, and it is from the entomostraca found here that most 
young fishes get their earliest food supplies — a danger from which 
the deep-water species are measurably free. Not only is a high 
reproductive power therefore rendered unnecessary among the latter 
by their freedom from many dangers to which the shallow-water spe- 
cies are exposed, but in view of the relatively small amount of food 
available for them, a high rate of multiplication would be a positive 
injuiy, and could result only in wholesale starvation." 

The effect of birds on insect life has engaged the attention of 
the same author.^ His inquiry was to ascertain wbetherbirds orig- 
inated any oscillations in the numerical proportion of insects upon 
which they feed. Many interesting facts are given which space 
forbids quoting. 

A number of contributions have been made on the influence of 
environment and on geographical variation, to some of which refer- 
ence must be made. Prof. Alpheus Hyatt^' beai-s unequivocal tes- 
timony to the Derivative theory and recognizes clearly the influence 
of externa) surroundings in a memoir on the cephalopods, when 
in stating the law of organic equivalence he says ; "The action of 
physical changes takes effect upon the irritable oi^anism, which 
necessarily responds to external stimulants by an internal reaction 
or effort. This action from within upon the parts of the organism 
modifies their hereditary forms by the production of new growths 
or changes which are, therefore, adapted to the conditions of the 
habitat or the physical agents and forces from which they directly 
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or indirectly origtiftite;" or, sligbtly changing this interpretation 
in accordance with the same facts, each individual ia more or less 
susceptible to the action of physical influences and those which re- 
Bpom) roost quickly to these influences come more promptly in 
harmony with their environment which is natnral selection, pure 
and simple. 

Mr, Charles Morris, 3* in a series of papers on "Organic Physics" 
and the "Polar Organization of Animals," presents many new and 
suggestive thoughts on tlie phyaico-cheraical action in life and devel- 
opment. He concludes that " there are inherent in the germ en- 
ergies and tendencies, cliemical, molecular, or whatever we choose 
to call them, adapted to the complete nnfoldment of the typical 
form ; but, as appears evident, their operation can be checlted by in- 
fluences from exteraal nature. There is a struggle between these 
contact influences and the innate organic tendencies." 

Under geographical variation many interesting facts have been 
added since Professor Baird, Dr. Allen and Mr. Ridgway pub- 
lished their capital discoveries, calling attention to the variations 
observed in biivJs and mammals coincident with their latitndinal 
range. William Bartram, grandnepliew of the famons botanist 
John Bartram, alludes to the elEect of climate in modifying species. 
In speaking of birds he says : "the different soil and situation of 
the country may have contributed in some measure in forming and 
establisliing the difference in size and qualities betwixt them." 

Dr. J. A. Allen^ shows marked geographical variation among 
North American mammals- in res|)ect: to size. He shows that 
" 1. The maximum pliysical development of the imlividual is at- 
tained when the conditions of environment are most favorable to 
the life of the species. 2. The largest species of a group (genus, 
sub-family, or family, as the case may be) are found when the 
group to which they severally belong reaches its highest devel- 
opment, or when it has what may be termed its centre of distribu- 
tion. 3. The most typical or most generalized representatives 
of a group are found also near the centre of distribution, outlying 
forms being generally more or less aberrant or specialized," In 
the study of the eggs of birds of the same species, nortli and 
south. Dr. Allen shows that in the south the eggs are less in 
number and smaller in size." Mr. Robert Ridgway*' calls at- 
tention to the geographical variation observed in Denditcca. 

The same author,*^ in a discussion of a paper by Salvln in 
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the Transaotions of the Zoological Society of London, on the 
relationships between the bii-ds of Gaadalupe and the mainland, 
refers to the present genesis of species, and points to the increaae 
in size of the bill and feet, the Bhorter tail and wings and darker 
colors, as characterizing them. 

Dr. E. C. Coues,^^ in his studies regarding geographical varia- 
tion in color among North American Insectivorous mammals, aaya : 
^'My studies up to the present go to show a very interesting par- 
allelisna with the state of the case I have determined for other 
small mammals, notably the mice and gophers, and which my 
friend Mr. Allen has admirably brought out in his studies of the 
squirrels. In some cases I find almost identical effects of climatic, 
or other conditions upon the shrews and the mice of particular lo- 
calities, bj' which they both acquire the same fades loci. Present 
indications are that the normal variability of the shrews in size, 
shape and color is not less than has been determined to hold good 
in vaiious other families of mammnls." In this memoir Di*. Cones 
has verified a curious fact first pointed out by Professor Baird, of 
the modjiications of the premolar dentition which the western 
species collectively, as compared with the eastern, have undergone ; 
"A striking peciiliai'ity of all the western species, no matter how 
diverse in other respects, is to have the ' third premolar' decid- 
edly smaller than the ' fourth', while in all the species east of the 
Kocky Mountains (with one possible exception) the same toot^ is 
as large as, or larger than, the other. Of the fact there is no ques- 
tion ; it may be observed in an instant, and is unmistakable. Its 
eigniflcance is another thing. Some of the western species are 
scarcely distinguishable if at all from their respective eastern ana- 
logues, except by this character, and they all show it." 

Pi-of. A. Hjatf*^ finds in sponges geographical variation in color, 
referring to similar features in birds as recorded by Baird and 
others. 

Prof. David S, Jordan,*^ in a paper on the distribution of fresh- 
water fishes, presents a concise series of propositions which gov- 
ern tliese animals in the United States. They all point to the 
action and importance of physical conditions as governing distri- 
bution. Space will permit only the quoting of the last proposi- 
tion, which is a summing up of his conclusions : "The distribution 
of fresh-water fishes is dependent on (o) fresh-water communica- 
tion ; on (b) character of stream, that is, of water, as to purity, 
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deptb, rapidity, vegetable growth, etc.; on (c) the character of 
the river bed, as to eize, condition of bottom, etc. ; on (d) climate, 
as determined by latitude and by elevation al>ove the sea ; and fi- 
nally on (e) various nnkaowa factors arising from the nature or tbe 
past history of tlie species in question, or from the geol(^ical his- 
tory of tbe rivers." 

Dr. James Lewia^ has observed a not unlike condition of things 
In the distribution of the fresh-water mussels of Ohio and Alabama. 
B3' a series of tables he calls attention to what be believes is the 
occurrence of identical and equivalent species in the two systems 
of drainage and suggests that, owing to the number of varieties 
characterizing the Unionid(B they may be identical. This author" 
has also studied the genus lo and its habits and notices its varia- 
tion coincident with latitude and temperature. 

Dr. H. E. C. Stearns,*^ in a paper on the circumpolar distribu- 
tion of certain fresh-water mussels and tbe identity of certain 
species, unites many hitherto recognized species of ^nodonta. 
Dr. J. G. Cooper,^* in a study of the fossil and sub-fossil land 
shells of the Uuited States, sees the strongest evidence in support 
of the idea tliat the older ones are the direct ancestors of certain 
forms living to-day. 

Mr, R. 1'. Whitfield *" read a paper before the Boston Society 
of Natural History, showing changes produced in Limntea me- 
gasoma v/hen kept in an aquarium. Having at the outset three 
specimens, two of them finally died and from the remaining one 
eggs were produced, presumably unimpregnated. These eggs 
batched, anit from these the next year came a second generation, 
which in turn produced a third generation the following year. The 
animal of Limncea is iiermaphrodite. Nevertheless besides dimin- 
ished size in the shell it was observed tiiat the male parts had dis- ' 
appeared and the liver had become considerably reduced in size. 
He shows that a ditecious species had in a short time become mo- 
ncecious as a result of tlie new physical conditions of life in the 
constricted quartere of an aquarium. 

An instructive paper by Dr. W. D. Hartman,*' on the genus Par- 
tula of the Hawaiian Islands, shows in the most convincing man- 
ner the effect of environment in modifying the species. He flnds 
a common occurrence of hybrids among certain forms, the result of 
the union of proximate species. This hybridization occurring even 
between arboreal and ground species, Dr. Hartman states "that 
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gravid females are often washed by heavy rains from a favored po- 
sition to drier levels, where after a few generations the progeny 
become depauperated, and so stunted in size as to be miBtaken for 
distinct species." Dr. W. H. Dall,^^ in some general considera- 
tioDa regarding the environment of the deep-sea mollusks as com- 
pared with the ehallow-water and littoral forma, allows how much the 
littoral forms have to contend with in the struggle for existence as 
compared with the deep-sea forms, and the delicate sculpture and 
extreme fragility of many of the ahella occurring in the deeper 
abysses of the sea are to be explained on the ground of their habi- 
tat. Dr. Carl F. Gissler*^ has presented some interesting evi- 
dences of the effect of cliemico-physical inOuences in the evolution 
of the branchipod crustaceans. 

The effect of meclianicat strains as producing like morphologi- 
cal effects has been treated in a masterly way by Dr. John A, 
Uyder.^ He cites the vertebral axes of turtles and extinct arma- 
dillos, also the soera of birds and mammals, and says "These 
observed coincidences, it is believed, are neither accidental, nor 
designed by an active cause external to these oi^anisms or their 
cosmic environment. I would rather believe that the structures, 
so far as they have been evolved in parallel or similar ways, are 
tlie results of like forces conditioning growth and nutrition in deS- 
nite modes and determinate directions. The manner of incidence 
of the modifying forces being in all cases determined by the vol- 
untary actions of the organisms, the actions in turn are deter- 
mined by the degree of intelligence of the animal manifesting 
them." 

In considering the "Laws of Digital Reduction" " Doctor Ryder 
gives a concise presentation of the various groups of animals, 
showing in each the line of mechanical strain in the extremities 
and its correlation with the increased development of those digits 
bearing this strain, and the consequent reduction or atrophy of 
those digits out of this line. These considerations led him to the 
following conclusions : 

I. " That the mechanical force used in locomotion during the 
struggle for existence has determined the digits which ore now 
performing the pedal function in such groups as have undergone 
digital reduction. 

II. That where the distribntion of mecfaanical strains has been 
alike upon all the digits of the matius or pes, or both, they have 
remained la a state of approximate uniformity of development. 
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III. It ie held that these views are Lamaihian and not Darwin- 
ian ; that is, that they mote especially take cognizance of naechan- 
leal force aa a mutating factor in evolution, ia accordance with the 
doctrine of the correlation of forces." 

Doctor Ryder further says " It eeems a most convincing proof 
of the doctrine of descent to find man an instance of the same 
kind of Bpecialization determined by tlie manner of the diatriba- 
tion of straina as is so often found among the lower groups, such 
as the horses, sloths, jumping mice and even-toed ungulates." 

In another memoir^^ Doctor Ryder considers the mechanical 
motion in forming and modifying teeth. Considering first the 
simplest form of movement in the mammal's jaw, opening and 
closing, without fore and aft or lateral movement, he shows the 
successive changes going on coincident with the more complex 
movements of the Jaw, and that the enamel foldings, ridges, 
crests, etc., have apparently been modified in conformity with the 
ways in which the force used in mastication was exerted. 

Prof. A. Hyatt," in an exhaustive study of the Flanorbis of 
Steinlieim, shows among otlier things the effect of gravitation s£ 
accounting for the form of tlie mollusk shell, citing examples 
from all the classes and even drawing examples from other sub- 
kingdoms to support his views. 

Prof. E. D. Cope,*8 in a memoir on Archassthetisra, considers the 
hypothesis of use and effort, the oRlce of consciousness, etc. He 
attempts to show that consciousness is primitive and a cause of 
evolution. He sustains his thesis by a series of arguments which, 
if not beyond my grasp, would be too extensive to preseut here. 
I can only I'cpeat the regret I expressed in the Buffalo address ; 
namely, that neither Professor Cope nor Professor Hyatt baa yet 
been induced to present to thepublic an illustrated and simple out- 
line of their theories. Such a demonstration, I am sure, would he 
acceptable not only to the public but to many scientific students 
as well. While these two eminent naturalists believe fully in the 
Derivative tlieory they insist that Darwin's theory is inadequate 
to explain many of the phenomena and facts which they encounter 
in their studies. Darwin has distinctly said in Ids first edition of 
the "Origin of Species," "I am convinced that natural selection 
has been the main but not the exclusive means of modification ;" 
and iu his sixth edition of the same work, in quoting these words, 
he laments that he is still misunderstood on this point. The the- 
ory of acceleration and retardation of these authors is, if I undei> 
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Btand it rigfatly, a very plsin case of natoral aelection. It was 
iDevit&ble that those individuals that matured the qniclcest wera 
better prepared to defend themselves, were quidcer in the field, 
were able to give their offspring an eartiei' start in the season, wera 
in every way more fitted tosurrive than those which matured later. 
It is aastimed that tbia is a law when, to my mind, it seems the 
simplest result of natural selection. Instead of overriding it, it is 
only a conspicuoas resalt and proof of It. 

A parallel case may be seen in the increase in size of the brain 
in the Tertebrates, and conspicuously in the higher vertebratea, 
since their first appearance in geological history. The Indiviilual 
brain clearly varies in size and it does not require a great etforlto 
perceive how in the long run the greater brain survives in the com- 
plex struggle for existence. Associated with the greater develoj)- 
ment, parts that were freely used for locomotion before are now 
•v)mpelled to perform additional service, and tlirough the law of use 
and effort, which all admit as an important factor, organs are mod- 
ified in SLiuClure, the anterior portion of the body assumes a new 
aspect ; and it was on the character of these parts and aspects that 
Professor Dana was led to formulate his comprehensive and ingen- 
ioQB principle of Cephalization. It is a result and not a cause. 
And so I believe, though with great deference to Coi)e and Hyatt, 
that the laws of acceleration and retardation, exact parallelisms, 
inexact paralletisms and still more inexact parallelisms, and many 
Other laws and theories advanced by these gentlemen, arc not causes 
but effects, to be explained by the doctrine of nataial selection 
and survival of the fittest. 

The connecting linha and intermediate forms which the skeptical 
public so hungrily demaDd are continually being discovered. 
Great gaps are being closed np rapidly, but the records of this 
work being published in the Journals of our scientific societies are 
hidden fVom the public eye as much as if they had been published 
in Coptic. So rapidly have these missing linlcE been established 
that the general zoologist finds it difficult to keep up with the 
progress made in this direction. He can hardly realize the com- 
pletion of so many branches of the genealogical tree. 

Professor Cope,^ who has accomplished so much in this direction, 
says : "Those who have, during the last ten yeara, devoted them- 
selves to this study have been rewarded by the discovery of the 
course of development of many lines of animals, so that it is uoir 

A. A. A. B. TOI. XXZTI. 2 
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possible to show the kind of changes in structure which have re- 
sulted in the species of animals with which we are familiar as lir- 
iDg on the surface of the earth at the present time. Not that this 
continent has given us the parentage of all forms of animal life, 
or all forms of animals with skeletons, or vertebras, but it bas 
given us many of tbem. To take the vertebrata, we have obtained 
the long-eince extinct ancestor of the very lowest vertebrates- 
Then we have discovered tlie ancestor of the true fishes. We have 
the ancestor of all the reptiles, of the birds, and of the mammals. 
If we consider the mammals, or milk-givers, separately, we have 
traced up a great many lines to their points of departure tiom very 
primitive things. Thus we have obtained tbe genealogical trees 
of the deer, the camels, the musk, the hoi-se, the tapir, and the rhi- 
noceros, of the cats and dogs, of the lemurs and monkeys, and 
have important evidence as to the origin of man." 

In 1874 he predicted that the ancestor of all the mammaJs would 
be a flve-toed, flat-footed walker with tubercular molar teeth, or in 
exact language a pentadactyle, plantigrade bunodont. Seven years 
alter he obtained evidences that such a type of mammals abound- 
ed in Nortb America during the early Eocene Tertiary period. 
Prof. Cope,^" in his phylogeny of the camels, shows a remarkable 
parallel to that of the borse, both forms appearing in tbe lower 
Eocene. Mr. Eugene N. S. Kingueberg^' believes he has found in 
a thin layer of limestone at Gasport, N, Y,, a deposit in which a 
number of forms of BrachLopods seem to present ttie intermediate 
stages between certain brachiopods common to the Clinton and the 
group of rocks immediately above. While tlie majority of species 
iu this deposit belong to the t^i^ara, there are among the fossils 
met with, thi-ee species of bracbiopods which were supposed to have 
passed out of existence wilh the Clinton. He dnds in this be3 
thirty-two forms peculiai' to the Niagara, eleven common to Niag- 
ara and Clinton, three belonging to the Clinton and two character- 
istic forms of the transition group. Many of tbese show intermediate 
characters. 

Frof. H. S. Williams,*' in bis paleontological studies of Uie life 
history of Hpir^fer Icuvis, in which he traces the ancestral line of 
this creature, says : "Whatever theoretical description we may give 
to species, here ore, in the hist place, an abundance of individual 
organisms whose remains are found in the upper iSiluriau rocks of 
Europe, Great Britain and America, presenting afew clearly marked 
distinctive characters, which are found variously developed in the 
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individaal forniB, bat so grading in the varions Tarioties aa to 
cause careful naturalists to associate them as varieties of a single 

I>r. C. A. White, ^^ in his comparisons of the fresh-water mus- 
sels and associated moUuaks of the Mesozoic and Cenozoic periods 
with living species, expresses his belief that the present Unios of 
North America, particularly those forms allied to Unio clavus, have 
come down in an unbroken line fiom the Juraseio and possibly from 
earlier times, lie shows that thus far all the fossil Unios have 
been obtained from lacustrine deposits, none of these beds being 
distinctly fluviatiJe. He furthermore calls attention to the fact that 
" these lacustrine formations are of very great extent in western 
North America, and, without doubt, the lakes in which they were 
deposited were caused by encircling bands of rising land during 
the elevation of the continent. These great land-locked waters 
were at first brackish, but finally became, and fur a long time re- 
mained, fresh, continuing so until their final desiccation." From 
this commingling of salt and fresh water he Justly assumes that 
many modifications arose in the forms of Unios subjected to these. 
influences and hence has resulted a variety of forma which have 
gone on continually widening to the present day. 

Prof. A, G. Wetherby, "* in a paper on the geographical distri- 
bution of certain fresh-water mollusca and the possible cause of 
their variation, shows t!ie paucity of forms of Unionidte on the Pa- 
cific and Atlantic coasts as compared to the richness and profusion 
of those forms in the central portion of the continents. He re< 
marics also on the absence of the family Strepo torn idee, east of the 
Alleghanies. He assumes that the first fresh-water forms were 
lacustrine. He points out the well-known geological fact of large 
Inland enclosures and their subsequent drainage, and shows the 
vicissitudes which must have been encountered by species in the 
variety of pliysical conditions implied by these changes. In this 
connection I may be permitted to call attention to the fact that at 
a meeting of this Association, at Hartford, in 1874, 1 madea com- 
munication on the origin of the North American Unionidsein which 
I urged some of the points made by Dr. White and Professor Weth- 

..■bj-.« 

*Thfl following Is a brief abatrfiot nhlcti was pabtlahed Id the HxTtford OoiiraDt 
Anguat, IS74. "Mr, MorsD la exptnlnlng ttie origin of the NorUi Amerloaa Unlonlda did 
uoi preMnd Co point ont the abeoluM line ol desoenC In Cbeoe farms, but wished to call 
lUenilon c* tome cnrloni features In [he possible derUatlOD of (he ftosh'WUer Ikmillea 
of UollaikB bom coEnute seoeia liTlng tn salt water. It le obierTed, Ant, ibat th« 
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Dr. Thomas H. Streets.Min Btudjing the immature plamageof the 
North Americaa shrikes, ivas much strnclc with the close resem- 
1)lanoe between the plumage of the young or Snla cyanopa and the 
adult plumage or another species. Recalling a generalization made 
by Darwin that "when the young differs in color from the adult, 
and tlie colors of tlie former sre not, oa far as we can see, of any 
special service, they may generally be attributed, like various 
embiyological structures, to the retention by the young of the 
characters or an early progenitor." He then shows the gradation 
between the several species of shrikes from this standpoint and 
traces their descent from a common ancestor. 

Prwf. S. A. Forbe8,B8 in a study of the "Blind Cave Fish and 
their Allies," is led to review the conclusions reached by Prof. 
F. W. Fiitnam in his interesting papers on the subject. Professor 
Putnam brought forth a number of arguments which seemed to him 
to militate against the views urged by evolutionists that their pecu- 
liar characters were adaptive and the result of their cave life. He 
was led to the conclusion that the absence of light had not brouglit 
■About the atrophy of the eyes, the development of special sense 
organs, and the bleaching of the skin. In referring to another cave 
fish, Chologaster, with eyes fully developed, it was urged that the 
argnment in regard to eyeless fishes could have no weight. In re* 
spouse to this it was answered that possibly Chologaster had not 
been subjected to subterranean influences long enough to be af- 
fecled, and this objection was anticipated by urging that we have 
no right to assume that Chologaster ia a more recent inhabitant of 
the caves, until proven. 

The discovery of another species of Chologaster, taken from a 
spring at the base of a limestone clifl^in Illinois, has given Professor 
Forbes an opportunity to make careful comparisons with the cave 
Chologaster. He says in regaixi to it "The most important and 

AvbmllleBorn^ah-waCei'moUuakg are InUmatelf raUtad to Uiose fbnna which IItb In 
the aauL lietn'eea high- anil lo it water murk, and tliaae which oua wlIliBtand Iha influeace 
of bracklah water. He oited certain famUlea of rreah-water matlusks which are ao 

olosel; related to tidal forme ne bardl; to be dlatingulehed trom (liem 

la eiiilBlning the ImmenM number or epecivs of rretii-water musaela in America ccm- 
pared to the rery few forma In Europe, we might look Co an eijiianalian of tbia feature 
In (he pall geologicai history of the two contlnanta. 

In Euroiie there ha7e b«eii no KresI iniaad eesB, while in Amerloe Its put history 
■howa the encloBlng of laige tracts ofwuter In which freshening from brai^lab water 
went on, and while many foriDS tnccnmbed to these cban^d conditions, only thosa 
forma anrvlTed which resemble certaia lictorsl species. And wltb tbecurieaa mmllO* 
eaUoDs that mast have token place in these chaaged conditions, oaegOtsaiweBlhle ex- 
plaDatiou of the sreat variety of moliuik* la our weal«m dvers." 
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interestiug peculiarity or this species indicates a more adraaced 
stage or adaptation to a subterraneBii life than that of Its conge- 
ners," Refemng to Professor Putnam's ai'gaments, Professor 
Foibes says that "the discovery of a Bpecies of Cbologaster, which 
iVequents external waters, of an immediate subterranean origin, aap- 
plies all needed proofthatthegenaseitherhas a shortersubterraneaa 
history than Amblyopsis, or, at any rate, has remained less closely 
conQoed to subterranean situations ; and that in either case the oc- 
currence of eyes, partial absence of sensory papillse and persistence 
in color, are thus accounted for consistently with the doctrine of 
'descent with modiScation.'" In this connection it may be of In- 
terest to read the curious fact recorded by Mr, S. H. Trowbridge*'' 
of the discovery in the Missouri river of a shovel-nosed sturgeon 
which had the skin growing over the eyes, completely inclosing 
Uiem. Dr. S. H, Scudder, ^ In a memoir read before the Ni^ 
tional Academy, brings forward evidence to show that ordinal fea- 
tures among insects were not differentiated in Palaeozoic times, 
but that "all Falseozoic insects belonged to a single order which, 
enlarging its scope as outlined by Goldenberg, we may call Palseo- 
dictyoptera ; in other words, the palceozoic insect was a generalized 
Hexapod, or more particularly a generalized Heterometabolon." 
In a memoir on the earliest winged insects of America embrac- 
ing a reexamination of " The Devonian Insects of New Brunswick" 
published by the author, Dr. Scudder replies to some sharp crit- 
icisms and objections made by Dr. Hagen and pertinently says, 
"That there is no evidence — but the contrary — that Dr. Hagen in 
his investigations uses the 'theory of descent' as a working hy- 
pothesis, without which no one studying any group of animals in 
the period of its rise and most rapid evolution can expect to do 
otherwise than stumble and wander astray. To refiise it is to 
merit failure." 

Prof. J. S. Kingsley, ** in his study of Limulus, regards it is an 
Arachnid, but states that ita ancestors take us back to a time when 
the distinctions between the Crustacea and Arachnida were far 
less marked than now. 

Dr. A. S. Packard,^** in a paper on the "Genealogy of the Insects," 
shows by means of a "genealogical tree" the descent of the class 
fW>m the Tbyaanura, with some hypothetical creature not unlike 
Scolopendrella, as the probable stem-form of theHexapods. It is 
through the resemblance the larvte of the different oi-ders of io- 
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sects bear to various members of the Thjsantira that this scheme 
is Justified. It may not be out of place to say here that the use 
of the "genealogical tree," in siiggeatiiig the probable line of de- 
scent of vartous allied groups, has been severely coDdemned by 
some as lending to no practical good in classiQcation. It seema 
to me, however, tlie only clear scheme for the proper working out 
of the ascertained or hypotlietical relationships of animals ; it is 
tbought-ex citing, its veiy attitude provokes studious inquiry and 
suggestive inferences. It may be called the modem tree of knowl- 
edge. 

The modern genealogical tree as used by the biological student 
(and as well by the ethnologist, philologist and others) is a 
graphic diagram of the relationships between groups as understood 
by the projector, and, as such, is a most commendable and useful 
method with which to illustrate his meaning. With additional 
knowledge one can see, at a glance, the points that need strengtli- 
ening, and he can pare, prune, or even graft new fruits on the old 
stock, or if it is rotten at the trunk, cut it down altogether. These 
trees have always been in vogue with the older naturalists, only, 
in the old style of art>oriculture, the trunk was always kept stiffly 
vertical while the branches were bent down and trained horizon- 
tally, being flimsily attached to the main stem by printers' devices 
of long and short brackets. In this attitude it reminded one of 
the dwarfed and deformed trees of the Chinese and very properly 
typified the dwarfed and deformed way of looking at classiBcation. 

Never was the provisional use of a genealogical tree more com- 
pletely justified than in a memoir by Dr. Alexander Agasaiz ^i on 
the "Connection between Cretaceous and Echinid Fauuie." He 
certainly speaks in no uncertain terms when in considering the 
Spatangoids of the chalk he says, "They lead us directly through 
the Palreoatominse and the Collyritidre to the Ananchytidse which 
have persisted to tlie present day," and other relationships of the 
same nature are i-epeatedly urged as would not only justify the use 
of the genealogical diagram against which he so strongly inveigbed 
in his admirable address before this Association at the Boston 
meeting, but had he adopted this method a much clearer view of 
the very points be wished to emphasize would have been afforded 
his readers. 

It was the strictures of Agassiz above referred to that led Prof. 
W. E. Brooks'" to write a paper on the subject of "Speculative 
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Zoology " Id which be most earnestly and ably defends the aae of 
genealogical diagrams and jQstly says, "If pliylogenetic specula- 
tioQS retard science, speculations upon homolc^y must do the 
same thing, and the only way to avoid danger will be to stick to 
facts, and, stripping our science of all that renders it worthy of 
thinking men, to become mere observing machines." 

Since 1876 Professor Marsh and Professor Cope have in various 
journals and Government publications presented the results of 
their discoveries of the past vertebrate life of North America. The 
General Government has published the two great monographs of 
Pi-ofessor Marsh on the Dinocerata, an extinct order of gigantic 
mammals, and the Odontornithea, an order of extinct tootlied birds, 
aa well as Professor Cope's great volume on the Tertiary Verte- 
brata besides other memoirs by the same authors. Space will for- 
bid more than a passing allusion to the varied and remarliable ad- 
ditions to our knowledge of extinct vertebrate life ma<le by these 
naturalists. 

Had a moiety of the work accompiislied by these investigators 
been known to Geoffroy St. Hilaire the theory of descent would 
have been established long before Darwin, though to Darwin and 
Wallace belongs the full credit of defining the true cause. Leidy, 
Marsh and Cope have not only brought to light a great number of 
curious beasts, many of them of gigantic and unique proportions, 
bnb forms revealing in their structure the solution of many mor- 
phological puzzles and throwing light on the derivation of many 
obscure parts. 

The discovery in the western tertiartes of multitudes of huge 
and monstrous mammals and, earlier still, of gigantic and equally 
monstrous reptiles, naturally led at once to an inquiry as to the 
cause of their extinction, "Nothing can be more astonishing," 
says Prof. Joseph LeConte,^^ " than the abundance, variety and 
prodigious size of Eepiiles in America up to the very close of the 
Cretaceous, and the complete absence of all the grander and 
more characteristic forms in the lowest Tertiary; unless, indeed, 
it be the correlative fact of the complete absence of mammals in 
the Cretaceous and their appearance in great numbers and vari- 
ety in the lowest Tertiary. ..." The wave of reptilian evo- 
lution had just risen to its crest, and perhaps was ready to break, 
when it was met and overwhelmed by the rising wave of mammal- 
ian Evolution." In this paper of LeConte's, which is entitled "On 
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Critical Ferioda in the History of the Earth and their ReUtion to 
Evolntion; and on the Quaternary as sucli a Period," may be 
found an excellent i-ejoinder of Prof. Clarence Kinj^'a lecture before 
the Sheffield Scientific School od the subject of Catastrophism and 
Evolution. 

Among the most interesting discoTeries connected with these 
creatures is the determination by Profeasor Marsh^^ that these early 
mammals, birds and reptiles had brains of diminutive proportions. 
He says in regard to the order Dtnocerata, a group of gigantic mam- 
mals whose remains have been found in the tertiary deposits of 
the Rocky Mountain region, that they are the most remarkable of 
the many remarkable forms brought to light. The brain of these 
creatures was remarkable for its diminutive proportion. So small 
indeed was the brain of'^>fnocera8 mirabile that it could *' appar- 
ently have been drawn through the neural canal of all the presacral 
vertebrte." In alluding to the successive disappearance of the large 
brutes, the cause la not difficult to And ; " The amall brain, highly 
Specialized characters, and huge bulk, rendered them incapable of 
adapting themaetves to new conditions, and a chan^ of surround- 
ings brought extinction. The existing Proboscidian a muat aoon 
disappear, for similar reasons. Smaller mammala, with larger 
brains, and more plastic structure, readily adapt themwlvea to their 
envii-onment, and survive, or even send off new and vigorous lines. 
The Dinocerata vrith their very diminutive brain, fixed characters, 
and massive frames, flourished ae long as the conditions were es- 
pecially favorable, but, with the first geological change, they per- 
ished, and left no descendants." Professor Marsh says that the 
brain of Dinoceroa waa in fact the most reptilian brain in any 
known mammal. ^ 

Professor Cope^^ in describing the brain of Cocyphodon from 
the deposits of New Mexico, says : "The large size of the middle 
brain and olfactory lobes gives the brain as much the appearance 
of that of a lizard as of a mammal." This ia one of the lowest 
mammalian brains known. There are others from tiie lower Eo- 
cene with equally low brains as Arctocyon of Gervais and Uinta- 
tberium of Marsb. Cope believes that the type of brain of these 
early creatures is so distinct as to necessitate the erection of a 
third Bub-claas of equal rank with the groups Gtyrencephala and 
Lycencephala which be would define as the Frotencepbala. He 
shows their approximation to reptiles. 
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Cope ^" refers to Gratlolet as showing tbat a great developroent 
of the olfactory is a cliaracter of an inferior type ; in fact, the mora 
'we ascend into paleontological antiqaity, the more we find that the 
olfactory lobes display a greater development in comparison with 
the cerebral hemispheres. Dr. B. G. Wilder'^ has shown that in 
the lamprey the only part which can be regarded as a cerebral hem- 
isphere lies laterad of the olfactory lobe. In Dipnoi he Qnds 
that the cerebral oatgroirth is ventrad;^ In another paper''^ he ^J 
Bays : " In either of tlieso directions in which what may be re- 
garded as the siwcial organ of the mind is prajected among these 
low or generalized forms, there wonld aeem to be mechanical ob- 
stacles ts any considerable expansion ; but doroally tliere is op- 
portunity for comparatively unlimited extension, and it is in this 
direction that the hemispheres begin to develop in the Amphibia (^ 
and attain snch enormous growth in Birds and Mammals." How 
far the small brain and presumably stolid intellects brought about 
t'le extinction of the huge tertiary mammals may be better un- 
derstood by the snggestions offered by Prof. A. E. Verrill™ in a 
lecture at Yale College entitled '■ Factx Illustrative of the Dar- 
winian Theory." He shows what an important factor parental 
instinct is in the evolution of species. He regards the lack of 
parental care " as one of the probable causes, though usually over- 
looked, of the extinction of many of the large and powerful reptiles 
of the meeozoic age and of the large mammals of the tertiary." 
He says: "The very small size of the brain and itslowoi^anization 
in these early animals are now well knoWn, and we are justified in 
believing that their intelligence or sagacity was correspondingly 
low. They were donbtlesa stupid and sluggish in their habits, hut 
probably had great powers of active and passive resistance against 
coiTespondingly stupid carnivorons species. But unless the helpless 
young were protected by their parents, they would quickly have 
been destroyed; and such species might, in this way, have been 
rapidly exterminated whenever they came in contact with new 
forms of carnivorous animals, having the instinct to destroy the 
new-born young of mammals, and the eggs and young of ovipa- ^ 
rous reptiles. Thus it would have come about, tbat the more in- 
telligent forms, by the development of the parental instinct for 
the active protection of their young against their enemies, would 
have survived longest, and therefore would have transmitted this 
instinct, with other correlated cerebral developments, to their de- 
scendants." 
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Prof. John Fiske, ia hia Coamic Philosophy, arrived at a simi- 
lar oonclnaion in regard to early man. He siiowed that when va- 
riations in intelligence became more Important than variations id 
physical structure, then they were seized upon to the relative ex- 
clQsion of the tatter. 

The derivative theory has not only clearly reveale<1 the fact that 

animals have been derived ^m preexisting forms, but it shows 

' even more clearly that organs have been evolved as well. It is 

I difficult in a general review of this nature to separate clearly the 

] two classes of facts. 

Professor Cope ^ has traced the genesis of the qnadrituberonlar 
tooth in the mammals of the present day. He finds that the type 
of the superior molar tooth of the mammals of the Puerco epoch 
was triangular or trl tubercular, that is, with two external and one 
ioternal tubercle. Of forty-one species of mammals of this epoch 
all hnt four of them had this type of tooth. He finds that this 
tooth exists to-day only in tlie insectivorous and carnivorous mar- 
supials. In brief he shows a gradual change taking place from the 
early primitive type of tooth in the gradual development of an- 
other tubercle. The same author,^' in defining the characters of an 
ancient order of mammals, the Amhlypoda, says they are the most 
generalized order of hoofed mammals, being intermediate in the 
strnctnre of their limbs and feet between the Proboscidia, the 
Peris sodacty la and Artiodactyla, which fact together with the small 
size of the brain places them in antecedent relation to the latter, 
in a systematic sense, connecting them with the lower mammals 
with small and smooth brains still in existence ; and in a phylo- 
genetic sense since they precede the other orders in time, they 
stand in the relation of ancestors. 

Professor Cope,^' in a paper read before this Association on the 
4ZJ i^ " Classification of the Uugnlata," gives special attention to the 
arrangement and character of the carpal and tarsal bones. He 
shows " that the weaker structure of the carpus and tarsus appears 
first in time ; that the stronger structni'e appeared first in the pos- 
terior limbs, and that the interlocking structure ^as greatly muU 
tiplied, while the linear has dwindled and mostly disappeared. 
Here is a dii'ect connection between mechanical excellence aad 
survival." 

In the light of Mr. Caldwell's nnqnestiODable determinaUoQ 
of the oviparous character of that curious mammal, the duck-bill 
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mole, aasociated with its known reptilian bearings as dednced IVom 
its skeleton and other features, the deductions of Professor Cope ^^ 
regarding the "Relations between the Theromorphons Reptiles and 
the Monotreme Mammalia" are of great intei'est. - 

In the Theromorpha are two divisions, one of which, the Peiy- 
oosauria, is limited to the Permian, and of one of this group he 
makes the following comparisons : "1. The relations and num- 
ber of the bones of the posterior foot are those of the Mammalia 
much more than those of the Reptilia. 2. Tlie relations of the 
astragalus and calcaneum to each other are as in the Monotreme J^"'"^' ' 
Fiatyjma anatinus. S. The articulation of the fibula with both cal-/"'-'^ 
caneura and astragalus is as in the Monotreme order of mammals." 

In brief he shows the affinity of this reptile to be with the 
monotremes, and that the affinities are very important in the light 
of Mr. Caldwell's researches, and the further fact that the devel- 
opment of the egg is meroblastic confirms, so to speak, the reptil- 
ian affinities of the monotremes. 

Here then are a series of observations by different observers 
from diflerent standpoints, all telling the same story. Osteolo- 
gists have long ago pointed out the reptilian alllnities of the mon- 
otremes from the character of the skeleton. The anatomists in 
like manner have insisted upon certain reptilian characters as 
•*- well asOivianJ characters fVoro its internal structure. A trained 
ZoSlogist now studies it on the ground and finds it laying true 
eggs, a fact that hai) been insisted upon several times in the present 
century. More significant still, the study of these eggs shows 
that they go through a reptilian mode of development. And now 
the paleontologist brings to light the remains of a reptile from 
the Permian rocks and again establishes the same relations. 

In this connection the examination by Dr. Henry 0. Chapman^ 
of a festal kangaroo and its membranes is of interest. The fcetus be 
examined was fourteen days old. He states that it had no true 
placenta and says " If the parts in question have kieen truthfully 
described and correctly interpreted, as partly bridging over the 
gap between the placental and non-plncental vertebrates, they 
supply exactly what the theory of evolution demands and fUrnish, 
therefore, one more proof of the truth of that doctrine." 

To those who have already been startled by the memoir of Dr. 
W. Baldwin Spencer on the presence and structure of theCpi^eal 
glan^ in Laoertilia and the evidence that it represents a third eye 

•^ J ■ ■'■-- •■;•''.' ■ ■ ,_, „/,/. >-/,./. 
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in a rudimentaiy condition, it will be interesting to know tbat 
among gome of the earlier mammala the pineal gland may bave 
assumed functional importance aa an eje. Prof, Henr; F. Oa- 
born B^ ahowe that ja the skull of the curious mammal Tritylodon, 
of OiTon, there is seen a parietal foramen in exactly the same po> 
sltion and relation as in the lizard Sphenodon. 

Piofessor Osborn regards this fact of remarkable interest, as it 

adds greatly to the rapidly accumnlating evidence for the reptilian 

affinities of the mammalia. Professor Owen, in the description of 

this unaccountable opening, suggested that it might be due to 

- - posthumous injury. 

Professor Marsb,^" in a description of the skull of Diplodocns, ^ 
a Dinosaur, describes a fontanelle in the parietal on the mediaa 
line directly over the cerebral cavity. He adds, however, that 
this may be merely an individual variation. 

Professor Cope ^ observes an enormous A'on to-parietal foramen 
in the skull of EmpedocUa molaris, a curious creature fi-om the 
Permian. 

It would appear evident from these facts that at one time the 
pineal gland, which in the mammals is in a rudimentary condition 
and in certaina<acertilla sufficiently perfect, as an eye, to be sen- 
sitive to light impressions at least, was, in certain extinct mam- 
mals and reptiles, of large size and functionally active, (it is 
a significant fact that no sooner does some one opposed to evolu- 
tion undertake to lay down tlie law by setting a boundary to type 
features, than a discovery is made that breaks down the barrieji^ 
Thus Dr. Thomas Dwight,^ in an interesting memoir on the "Sig- 
nificance of Bone Structure" in which he makes a brave defence for 
■^ teleology, says, in speaking of the persistence of the vertebrate 
plan, " There are never, for instance, more than two eyes or one 
mouth or two pairs of limbs," and, lo 1 an extra eye is immedi- 
ately added. 

Dr. Spencer Trotter ^ has made a study of the collar bone and 
its significance, in which he accounts for Its presence or absence in 
mammalia by correlating it with the life habits of the animal in 
the use of the fore limb. He says " Every fully developed tissue 
in an organism is needed or it would not be there ; and just so 
soon as by increasing change in life and habits it becomes a fac- 
tor ef less and less importance to the animal, it fails more and 
more to attain its former standard of development, and in time 

■J ^,,.. ir. .-.. ■:. 
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falls back to the primittve condition from which it arose and Anally 
diaappears." 

Many new and interesting facto have been added sustaining the 
affinity between the birds and reptiles. Prof. 0. C. Marsh*" made 
a careful study of the ArcUcopteryx in the British Unseum. The 
new points he has added biing out still more strongly the eztraofdi- 
nary characters blended in this creature. Among other features 
he discovered the separate condition of the pelvic bones, and 
■hows that while it must be considered a bird, yet it has true teeth, 
bi<oncava verlebrfe, tliree separate fingers in each hand, all fur- / 
nished with claws, metatarsals and metacarpals, equally unanchy- - >..^'- 
losed and the pelvic bones separate, as already mentioned. %■•■': 

Dr. J. Amory Jeffries,*' in a study of the claws and spurs on-*'"''-' ""' 
birds' wings, has presented an interesting table showing the nam- " ' . 
ber of phalanges in each finger, from the highest to the lowest 
family of birds, with the presence or absence of claws recorded foi 
each finger. This table shows very clearly that the higher birds 
have fewer phalanges and no claws, and as one approaches the 
lower families the plialangea increase in number, the first finger 
having two phalanges and the second and third fingers being tipped 
with claws. 

In a brief stody of the tarsus of low aqnatio birds," made with 5 ■" l-_ 
Bpecial reference to the interpretation of the ascending process of ^^,^. , -. 
the astragalus with the intermedium of reptiles, I observed a sep- /,' .(..i ■ 
arate centre of ossification for this so-called process, observed its f'rvf: 
unquestionable position between the tibiale and libulare, its in- / f <, 
crease in size with the growth of the bird and its final anchylosis /H •■"'•' 
yritb the proximal tarsal bones. In the bones of a young Dinornis, "'^' 
irhich thi-ough the courtesy of Dr. Henry Woodward I was kindly 9, A-** " 
permitted to examine in the British Museum, the ascending proc- 
ess was large and conspicuous and firmly anchyiosed with the co- 
ossified tarsals to the distal end of the tibia. Professor Marsh,^^ 
in a study of the metatarsal bones of Ceratosaurus, a Dinosaur 
discovered by him, found that the metatarsals coossified in the 
same manner as those of the Penguin. 

The question as to the existence of a sternum in Dinosaurian 
reptiles has long been in doubt. Professor Marsh *• has, however, 
discovered in Brontosaurus, one of the largest known Dinosaurs, 
two Bat bones which he regards as clearly belonging to the sternum. 
They correspond to the immature stage of similar parts in birds. 
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Dr. Alexander AgaBsiz,^' in n study of the young stages of cer- 
tain osseous fishes, shows that while the tail is a modified heterocer- 
cal one, it is for all that in complete accordance witli embi-yontc 
growth and paleontological development ; and, independently, Dr. 
John A. Ryder ^' finds that "the median fins of fishes normally 
present Bve well-marked conditions of etnictiire which correspond 
inexactly to as many stages of development, which, in typical 
fishes, succeed each other in the order of time." 
■^ Mr. James K. Thatcher^" in a study of the "Median and Paired 
Fins, a contribution to the history of vertebrate limbs" shows "Uiat 
the limbs with their girdles were derived fVom a series of similar 
simple parallel rays, and that they were a specialization of the 
continuous lateral folds or fins evidenced in embryos, which were 
with some probability homologous with the lateral folds or meta- 
pleura of the adult Amphioxus." 

A great amount of work has been done in making clear the ear- 
lier stipes in the development of animals and breaking down the 
hanl and fast lines wbich were formerly supposed to exist between 
the larger divisions. Dr. C. S. Minot,^^ in a series of papers on 
Comparative Embryology, in referring to the work accomplished 
says "These researches have completely altered the whole science 
of comparative anatomy and animal morphology by entirely up- 
setting a large part of Cuvier's class! He ali on and the idea of types 
upon whicli it was based, substituting the demonstration of the fun- 
damental identity of plan and structure throughout the animal 
kingdom from tlie sponges to man." 

Prof. C. O. Whitman,*^ in describing a "rare form of the blasto- 
derm of the chick, in wiiich the primitive groove extended to the 
very margin of the blastoderm, terminating here in the marginal 
notch lirst observed by Pander," justly conlonda that "in the origin 
of the embryo from a germ-ring by the coalescence of tbe two halves 
along the axial lines of tlie future animal, and, secondly, in the 
metameric division wbich followed in the wake of the concrescence," 
we have evidence of the aunelidan origin of the vertebrates since 
concrescence of the germ bands is a well established fact for l>oth 
clieetopods and leeches. 

The tracing of apparently widely divergent structures to a com- 
mon origin has engaged the attention of many of our investigators. 
N^ot only has a large amount of evidence been offered to show a 
common origin of widely separated structures, but memoirs of a 
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Bpecnlative bd<] theoretical character hare given ns a possible clew 
to the avennes wa may folloir in further establishing aproof ofthe 
unity of origin of forms and parts. 

Dr. Francis Dercum ^ gives aa interesting review of the struct- 
ure of the sensory organs and urges that the evidence goes to 
prove the common genesis of tliese organs. 

Prof. A. Hyatt '""^ has presented an interesting stud; of the 
larval history of the origin of tissue. He attempts to shon a phy- 
letic connection between the Protozoa and Metazoa, and also to 
show tbat the tissue cells of the latter are similar to asexual 
larvte "and are related by their modes of development to the Pro- 
tozoa Just as larval forms among the Melazoa themselves are re- 
lated to the ancestral adults of the different groups to which they 
belong." Dr. John A. Ryder"" has studied the law of nuclear 
displacement and its signlGcance in embryology. In a discussion 
of this subject he says ''The mode of evolution of the yelk is of 
great interest, and doubtless occurred through the working of nat- 
ural selection. It is evidently adaptive in character, and the ne- 
cessity for its presence as an appendage of the egg grew out of the 
exigencies of the struggle for existence." 

Mr. H. W. Conn, '"'^ in a paper entitled "Evolution of the Deca- 
pod Zose" gives a number of striking and suggestive facts explain- 
ing the reason of the multiform and diverse character of the larvse 
of decapod crustaceans. He shows in what way natural selection 
lias affected the young. What has seemed an almost insoluble 
mystery, as to why the early stages of closely allied crustaceans 
should be so ofleii diverse in their varied armature of long spiues, 
their powers of rapid flight, etc., are explained on the ground of 
natural selection. In another memoir by the same author, '"^ 
on the significance of the "Larval skin of Decapods," a very com- 
plete discussion of the views of authors are given. At the outset 
he shows that the crustaceans are a particularly favorable group 
for the study of phylogeny and then suggests the character of the 
ancestral form of the Crustacea from the significance of the larval 
envelope. The author infers from his studies that " all Decapods 
are to be referred back to a form similar to the Protozote (Zofe) in 
which the segments of the thorax and probably of the abdomen 
were present, and whose antennse were locomotive organs." 

Not the slightest justice can be done this admirable discussion in 
the brief reference here made, but the perusal of it will certainly 
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impress one with the profound change which has taken place in the 
method of treating a subject of this natui'e compai-ed lo the treat- 
ment it might have received in pre-Darwinian days. Indeed the 
features discussed in this paper would not have attracted a mo- 
ment's attention from the older naturalists. 

Since Darwin published his provisionat theory of Pangenesis it 
baa provoked speculative efforts on the p&it of some of our natu- 
ralists to devise other hypotheses which might answer some of the 
objections urged against Darwin's hypothesis. Space will permit 
only a mention of a few of these papers. Prof. W. K. Brooks'"* 
presented, in brief abstract at the Buffalo meeting eleven years 
t^o, a provisional theory of Pangenesis. These views more elab- 
orated are now published in book form under the title of "The Laws 
of Heredity." Aii illustrious reviewer says it is the most important 
contribution on tlie speculative side of Darwinism that has ever ap- 
peared in this country. He has also aptly termed studies of this 
nature molecular biology. Dr. Louis Elsberg at the same meet- 
ing also read a paper on the plastidule hypothesis. 

Dr. John A. Ryder ^"^ has made an interesting contribution en- 
titled "The Gemmule versus the Plastidule as the Ultimate Phys- 
ical Unit of Living Matter." In this paper he discusses Darwin's 
provisional theory of Pangenesis and shows it to be untenable 
from Gallon's experiments. 

Haeckel's provisional hypothesis of the Perigenesis of the Ptas- 
ttdule is clearly st&letl, and he closes by saying that the logical 
consequences of the acceptance of Haeckel's theory and with it tlie 
theory of dynamical differentiation — because the latter is no longer 
an hypotheeis — forever relegate teleological doctrines to the cate- 
gory of extinct ideas. 

The widespread public interest in Darwinism arose firom the 
fact that every theory and every fact advanced in proof of the 
derivative origin of species applied with equal force to the origin 
of roan as one of the species. Tlie public interest has been contin- 
ually excited, by the consistent energy with which the church, 
Catholic and Protestant alike, has inveigiied against the dangerous 
teachings of Darwin. Judging by centuries of experience, as at- 
tested by unimpeachable historical records, it is safe enough for 
an intoUigent man, even if he knows nothing about the taaiB, to 
accept promptly as truth any generalization of scieuce which the 
church declares to be false, and conversely to repudlMe with equal 
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promptness, as false, any interpretation of the beliavior of the uni- 
verse whicli the chnrch adjudges to be true. In proof of thia 
sweeping statement one has only to read the imposing colleo- 
tion of facts brought together by Dr. White, the distinguished 
ex-president of Cornell University, which are emtiodied iu his work 
entitled "The Warfare of Science," as well as two additional chap- 
ters on the same subject which have lately appeared in the Popu- 
lar Science Montlily. One then realizes the lamentable but 
startling truth that, without a single exception, every theory or 
hypothesis, every discovery or generalization of science has been 
bitterly opposed by the church, aod particularly by the Catholic 
church which resists, and, as Huxley says, " mast, as a matter of 
life and death, resist the progress of science and modern civiliza- 
tion." >c 

Only the briefest reference can here be made to a few of the 
numerous contributions on the subject of man's relationship to 
the animals below him. Tbe rapidly accumulating proofs of the 
close relation existing between man and tbe Quadrumana make 
interesting every fact, however trivial, in regard to the structure 
and habits of the higher apes. 

Dr. Arthur E. Brown ">^ has made some interesting experiments 
with the monkeys at thezoologica! gardens in Philadelphia. He found 
tliac the monkeys showed great fear, as well as curiosity, nlien a 
snake was placed in their cage, though they were not affected by 
other animals, such as an alligator and turtle. On tbe other hand, 
mammals l>eIonging to other orders showed no fear or curiosity at 
a snake. These experiments, repeated in various ways, lea<l him 
to only one logical conclusion "that the fear of the s erpe nt became 
instinctive in some far distant progenitor of man, by reason of bis 
long exposure to danger and death in a horrible form, from the 
bite, and that it has been handed down through the diverging lines 
of descent which Bnd their expression to-day in Homo and Pith- 
ecus." 

Tbe same anUior,"" in an exceedingly interesting description 
of the higher apes, says *' Mr. A. R. Wallace once called attention 
to the sim ilarity in color existing between the orang and chimpan- 
zee and the human natives of their respective countries. It would, 
indeed, seem as if but half the truth had lieen told, and that the 
comparison might be carried also into the region of mind ; the 
quick, vivoi^ous chimpanzee partaking of tbe mercurial dispoai- 
A. A. A. 8. TOL. xxxvi. 8 
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tion of negro racea, while tbe apathetic alow orang woald pass for 
a disciple of the siiUen fatalism of the Ualay." 

Doctor Brown'"* daa also given a description of the grief mani- 
fested by a chimpanzee on the death of its mate. Hia grief was 
ahown by tearing hia hair or anatching at the short bair on bis 
bend. Tbe yell of rage was followed by a cry the keeper ha<l 
ilfver beard hefflre, a aound which might be represented by bah- 
ah-ah-ah-nb uttered somewhat under tbe breath, and with a plaint- 
ive sound like a moan. 

Mr. W. F. Mornaday "•* read at tbe Saratoga meeting of thia 
Association an exceedingly interesting paper on the " Habita of the 
Orang " as observed by him in its native forests. He says " Each 
individual of the Borneo orangs dififers from his fellows and has 
asinany facial peculiarities belonging to himself alone as can be 
finind in tbe individuals of any unmixed race of human beings." 
After recounting the many traits of the orang, heretofore regarded 
as peculiar to man, be says, " le t any on e who ia prejudiced against 
Darwinian views, go to tbe foresti of Borneo. Let bim there 
waleh from day to day tbis strangely h um an form in all its vari- 
ous phases of existence. Let him aee it climb, walk, build ita 
nest, eat and drink and fight like human ' roughs.' Let bim see 
tbe female suckle her young and carry it a stride her hip precisely 
as do the Coolie women of Hindostan. Let him witness their 
buijian-like emotions of affection, satisfaction, pain and childish 
rage — let him see all this and then he may feel how much more 
potent haa been the lesson than all be baa read in pagea of abstract 
ratiocination." 

Prof. W. S. Barnard several years ago, in a stody of the myol- 
ogy of man and apes, showed that the scansorius muscle which 
Trail studied in the higher apes and which he supposed had no 
bomologue in man was real ly homologous with tbe Gluteus mini- 
mus in man. Dr. Henry C. Chapman,"" in a study of the struct^ 
lire of the orang outang, jiaa confirmed the truth] of Burnaid's 
discovery. Doctor Chapman is led to infer that ibe ancestral form 
of man was intermediate in character, as compared with living 
anthropoids or lower monkeys, agreeing with them in some re- 
spects and differing fh>m them in others. 

Tbe osteological affinities which man has with the Lemuroi- 
dfe, as insisteil upon by Mivart, are also recognized by Cope."' 
In a geneial paper on the " Origin of Man and Other Vertebrates" 
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he says " An especial point of interest in the phyli^eny of man 
has been bronght to light in our North American beds. Tliere are 
some things in the structure of man and his nearest relatives, the 
chimpanzee, orang, etc., that lead us to suspect that they had 
rather come from some extinct type of lemurs." 

It would seem as if we must Look fartlier back than the higher 
apes for the converging lines of man's relations with them. The 
earliest remains of man or the apes found fossil, presenting as they 
do marked types with little tendency to approach each other, would 
in tliemselves snggest an earlier origin for both stocks. 

In a paper by Professor Cope "^ on " Lemurine Reversion in 
Human Dentition" he says, in concluding his article : " It may be 
stated that the tritiibercular superior molars of man constitute a 
reversion to the dentition of the Lemaridte of the Eocene Period 
of tiie family Anaptomorphidse, and second, that this reversion ia 
principally seen among Esquimaux and the Slavic, French and 
American branches of the European race." 

In anolher paper by the same author "^ on the " Developmental 
Signiticance of Human Pliysiognomy," he compares tlie p roport ions 
of the body and the facial peculiarities of man with the higher 
ape s and hu man infant s and shows"that the Indo-European, on the 
whole, stands higher than the other races in^ the ac cele ration of 
those parts by which the body is maintained in an erect position, 
and in the want of prominence of the Jans and cheek bones, which 
are associated with a greater predominance of the cerebral part of 
the skull and consequently greater intellectual power. 

Dr. Harrison Allen,"* in a study of the shape of the hind limb . 
as modified by the weight of the trunk, dweTlTon the manner off 
articulation in the gorilla of the fibula with both calcaneum and f 



the astragalus, as well as the fact tliat tlie astragalus in that genus 
possessed a broad deflected fibula facet and says ^This peculiar' 
projection is n idim ental in the astragalus of ci viliz ed man, but) 
was found highly developed in an a strag alus from an Indian graved 
found at Cooper's point. New Jersey." 

In my Buffalo address, I alluded to a paper by Prof. N. S. Shalcr 
on the intense selective action which must h ave taken place in the 
shape and character of tlie pelm in iii^i on his assumption of the 
erect po sture — thecaudal vertebrae turning inward, the lower portion 
of the pelvis drawing together to hold the viscera, which h ad befor e 
rested on the el^tic abdominal walls, the attending difficulty of 
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p arturitio n, etc. Dr. S. V. CleveDgeri'^ has since called attention 
to otiier inconveniences resulting from man's escape from bis 
qnadrumanons ancestors. In a paper entitled " DiaadTantagea of 
tlie Upright Position," he dwells particntarly on the valves io tfae 
veins to assist tlie return of blood to the heart which considered 
from the usual teleological point of view seems right enough; 
but why, he asks, should man have valves in the intercostal veins? 
He shows that in a recumbent position these valves are an actual 
detriment to the flow of blood : " An apparent anomaly exists in 
tlie absence of valves trom parts where they are most needed, such 
as the venie cav», spinal, iliac, hsemorrboidal and portal. The azy- 
gofl veins have imperfect valves. Place man upon 'all fours ' and 
the law governing the presence and absence of valves is at once 
apparent, applicable, so far as I have been able to ascertain, to all 
quadrupedal and quadrumanous animals. Dorsad veins are valved ; 
cephaiad, ventrad and caudad veins have no valves." By meana of 
two simple diagrams he shows clearly the distribution of valved 
and unvalved veins as they exist in mammals, and why in man the 
samearrangement becomes detrimental. Hedwellson the number 
of lives that are sacrificed every year by the absence of valves in 
(he htemorrboidal veins. He also mentions other disadvautages in 
the upright attitude, as seen in the position of the femoral artery, 
even with man's ability to protect it. Its exposed condition is a 
dangci-ous element. Inguinal hernia of rare occurrence in mam- 
mals occurs very often in man ; at least twenty per cent being af- 
fected. Strangulated hernia also causes many deaths. Prolapsus 
uteri and other troublea and diseases are referred to by Doctor 
Clevenger as duo to the upright position. In other words the penal- 
ties of original sin are in fact the penalties resulting from man's 
assumption of the erect posture. 

In another paper by the same author,"' on the "Origin and 
Descent of the Human Brain," he gives an interesting sketch of 
the phylogenesis of the spinal cord to its ultimate culmination in 
tlie development of the brain of man. He says that the most 
general interest centres in the large mass of cells and nerve fibres 
called the cerebrum. " In the Ornithorhjmchus, it is smooth 
and simple in form, but the beaver also has an unconvohited brain 
which shows at once the folly of attaching psychological impor- 
tance to the number and intricacy of folds in animal brains. With 
phrenology, which finds bibativeoess in the mastoid process of the 
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temporal bone tind am&Uvenesa in the occipital ridge, the convo- 
Intional controversiea must die oat, as has the so-called science 
of palmi&tiy, which reads one's fate and fortune io the skin-folds 
of the hand." > 

Prof. Alexander Graham Bell "' has presented a memoir to the 
l^ational Academy on the " Formation of a Deaf Variety of the 
Human Bace" in which he shows by tables a series of generations 
of certain familieH in which the pn^enitors being deaf mutes this 
peculiarity becomes perpetuated in many of the descendants. 
Hecognizing fully the laws of heredity, natural selection, etc., he 
sLovra that the establishment of deaf-mute schools, in which a via- 
unl language is taught which the pupils alone understand tends to 
bring them into close association with each other ; and, that natu- 
rally with this seclusion, acquaintance ripens into friendship and 
love and that statistics show that there is now in process of being 
built up a deaf variety of man. 

Dr. W. K. Brooka,^!^ animated by the cogency of Professor 
Bell's reasoning, is led to prepare an article entitled " Can Kan be 
Modified by Selection ? " In this paper he discusses the startling 
proposition of Professor Bell and recognizes the convincing proof 
wl)ich he furnishes to show that the taw of selection does place 
within our reach a powerful influence for the improvement of our 
race. The striking character of the tables of facta presented by 
Professor Beit and the significant suggestions of Doctor Brooks 
lead one to consider how far the iufluenoe of selection has bad to 
do with the character of great commnnities, as to their intelli- 
gence or ignorance. When we see nations of the same great race 
stock, one showing a high percentage of illiterates, a high death 
rate, degradation and ignorance, while just across the borders an- 
other nation, apparently no better off so far as physical environ- 
ments are concerned, with percentage of illiterates and death rate 
low, intelligent and cleanly, we are led to inquire if here a strict sci- 
entific scrutiny with careful historical investigation will not reveal 
the cause of these conditions. Can it be proved beyond question 
that the illiteracy and degradation of Italy and Spain up to within 
recent years, at least, are the result of centuries of church oppres- 
sion and the Inqnisition, destroying at once, or driving out of the 
land all independent thinkers and at the same time forcing her 
priests to lead celibate lives and inducing others of cnltivated and 
gentle minds to lead cloister lives? Is it also a fact, as Alphonse 
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cle Candolle aseerta, that by far the greater number of diatin- 
guished Bcientists have come fVom Protestant paBtora? He givea 
a significant list of eminent men whose fathers nere Protestant 
pastors saying that bad they been priests of another religioD lead- 
ing celibate lives these men would not have been born. 

It is consiclered an intrusion into matters which do not coQcern 
seience when such mquiriea are made, but the scientist has very 
deeply at heart the intellectual and moral welfare of the comman- 
ity. If the cause of degradation and ignorance, of poverty, of con- 
tagioua diaease, or of any of tlie miseries which make a nation 
wretched can be pointed out by scientific methods, then it is the 
stern duty of science to step in and at least show the reasons, even 
if the remedy is not at once forthcoming. The men who would be 
reformera and agitators and who by their earnestness and devotion 
get the attention of multitudes are unfit for their work if they 
show their ignorance, as most of tliem do, of the doctrines of nat- 
ura] selection and derivation. 

Dr. C. S. Minot i'* read a paper before the Cincinnati meeting 
of this Association suggesting a rather startling proposition as to 
whether man ia the highest animal, which led Dr. W. N. Lock- 
ington "^ to reply in a very able article entitled " Man's Place in 
Nature." 

The great pi-oblem of food supply has led to leglalative enact- 
menta for the purposes of regulating the trapping and netting of 
game and fish. State and government grants have been made for 
fish commissions ; but unless the public are clearly educated in 
the rudiments of zoological science and the principles of natural 
selection, appropriations will come tardily and in limited amounts. 
Dr. W. K. Brooks, i^i in bis report to the State of Maryland aa 
one of the oyster commissioners, after showing the absurd way 
in which the problem of oyster protection baa been dealt with and 
strenuouslyurging the necessity of oyster culture, calls attention to 
the fact that " civilized racea have long recognized the fact tiiat the 
true remedy is not to limit the demand, but rather to increase the 
supply of food, by reai-ing domestic sheep and cattle and poultry 
in place of wild deer and buffaloes and turkeys, and by cultivat- 
ing the ground instead of searching for the natural fruits and seeds 
of the forests and swampa." 

Mr. Krnest Ingeraoll,'^ author of the " Report on the Oyater 
Industry," 10th U. S. Census, has, in an address before the Geo- 
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grapbical Society of New York, a atrikiDg sketch of the effect of 
the white maa on the wild animals of North America, ahoning 
that Iiad the Indians remained in possession, little, if any, change 
would have taken place. The Indian, like the predaceous animals, 
bunta only for food and shows even in this habit, a wholesome self- 
restraint, never killing wantonly. He called attention to the sur- 
vival of a nambcT of small birds about the dwellings of man as the 
result of favorable conditions, such as a constant supply of food, etc. 
Me shows that the contact of man in the main has been disastrous. 
His remarks on the oyster are timely ; he shows its extermination 
along the coast by man's agency. "Hardly more than a century 
has elapsed since men believed that the oyster beds of New York 
were inexhaustible and that a small measure of legal protection, 
feebly maintained, was quite enough to sustain them agaiust any 
chance of decay. So they thoaglit in Massachusetts, where the 
oysters have not only disappeared but have been forgotten. So 
they think now in Maryland and Virginia, where their fond expec- 
tations are destined to equal downfall." 

Prof. William H. Brewer,'*" in a paper on the "Evolution of the 
American Trotting-Horse," shows that the trotter is an American 
product and that it is still in process of evolution. He gives a 
column of figures to show the speed that has been attained in this 
new form of motion, fiom a speed of three minutes in 1818 down 
to two, ten and a quarter minutes in 1881. The materials for a 
curve is offered to mathematicians, and Prof. Francis E. Niplier,'^'* 
in a mathematical article on the subject, shows that a definite time 
of ninety-one seconds will ultimately be attained by the American 
trotter. Mr. W. H, Pickering,'** however, ui^es some objections 
to the deductions of Professor Nipher. 

In drawing to a close this very imperfect summary of what 
American zotilogists have accomplished for evolution many other 
distinguished contributors might have been mentioned. The work 
of eminent physiologists and paleontologists has hardly been con- 
sidered, nor lias the long array of botanical facts for Darwin as 
revealed in the fascinating study of the relations which exist 
between flowering plants and insects, contrivances for cross fertil- 
ization, means of plant dispersion, etc., and the distinguished bot- 
anists connected with this work, received attention here. Indeed 
the proper limits for an address of this nature have been far ex- 
ceeded. 
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Suffice it to say tbat all these students have worked Froni the 
staadpoiut or Derivative d<»ctrine8. A still greater triumph to 
BamiDism are tlie evidences of gradual conversion etill going on 
among a few isolated workers who still remain stubboni, yet yield- 
ing to the pressure of these views by admitting features tbat ten 
years ago they repudiated. 

There are two points to be emphasized here in closing, and one 
is that American biological science stands as a unit for evolution, 
and the other is, the establishment of a great generalization nbich 
shows that when intelligence became a factor in animals it was 
seized upon to the relative exclusion of other characterisUcs. This 
generalization offers an unassailable argument to-day for a wider, 
broader and deeper education for the masses. The untold misery 
and suffering of the working classes as witnessed in their stru^Ies 
of the Inst two years would have been avoided had the rudiments 
of social science — even a knowledge of the value and significance of 
simple statistics, been appreciated by them. 

The startling paper of Dr. Seaman'*^ on the "Social Waste of a 
great City" shows the blundering, criminal way in which muniO' 
ipftlities are controlled by coteries ignorant alike of Science and 
the beneficent miaaion she stands waiting to enter upon. 



[Within ten years a number of general works on Evolution have ap- 
peared, the moat important of wlilcli have been the "Law of Heredity" by 
Dr. W. K. Brooks, to which bUusIob has already been made, and the "Ori- 
gin or the Fittest" by Frof. E. D. Cope, in which are broaglit together the 
various papers, memoirs, addreBses. etc., of the author which have ap- 
peared from time to time In scleatlBc Joamals and magazines. Nearly all 
the addreases read, wlthlu the past ten years, before tbls association by 
the prcsldlog officers who were Eo6lo£lstH have been Imbued with Dar- 
winism and Derivation. The titles of the general articles which have 
appeared on evolution would till a large catalogue. 

The genera] addresBes on the subject are legion. Indeed, as the revered 
botanlEt Asa Gray has well remarked, " Dante literature and Shakespeare 
literature have beeo the growth of centuries but Darwinism Oiled teeming 
catalogues during the Ufe-tlme of the author." 

While no reference can be made to these various publications, allusions 
must be made to the Darwlu Memorial meeting of the Biological Society 
of Washington as containing a most appreciative r^snmg of the labors of 
the great uHturailst. A perusal of the addresses on that occasion brings 
to mind very vividly the comprehensive scope of the work of this great 
man. The Introductory by Prof. Theodore Gill is a strong sketch of the 
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wonderfbl reTolDtlOD wroDght in the nietbods &nd convlctlovs of DfttunU- 
Ists b; the doctrluea of Darvrln. Of great Interest and v&lne also are the 
vacceedlDg addreKses read at that ineetlng, which were a "Biographical 
Sketch" bj Dr. William H. Dall, "The FhlioBOphIc Bearings of Darwin- 
ism" by Major John W. Powell, "Darwin's Coral Island SCDdles" by Mr. 
Rlcbard Rathbun, "DarwlD'a Investigations on the Relation of Plants and 
Insects" b; Prof. Charles V. Rtley, "Darwin as a Botanist" by Mr. Lester 
F. Ward, "Darwin on Emotional Expression" by Mr. Prank Baker, dos- 
ing with "A Darwinian Bibliography " by Hr. Frederick W. True. 
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64. Am. Nat., Vol. xii, p. 167. 
66. " " " XI, p. 603. 

66. Proc. Phlla. Acad. Nat. Scl., 1878, p. 45. 

67. Ara. Nat., Vol.ivi,p.44l. AlsoProc. A. A. A. 8., Vol.xxir, p. 627 

68. " " " " p. 454. 

69. Fop. Scl. Mon., Vol. xxvii, p. 606. 

60. Am. Nat. Vol. xx, p. 611. 

61. " " " XYI, p. 711. 

62. Am. Jour. Scl. & Arts, Vol, xx, p. 466. 

69. Bull. U. 8. Geol. Sur. Terr., Vol. m. No. 8. 

6*. Jour. CIn. Soc. Not. Hist., Vol. m, p. 867, and Vol. iv, p. 166. 

66. Am. Nat., Vol. xvii, p. 889. 

66. " " " XVI, p. 1. 

67. Science, Vol. ni, p. 637. 

68. Am. Nat., Vol. xix, p. 877. 

70. Am. Nat., Vol. xvii, p. 932. 

71. Ara. Jour. Scl. & Arte, Vol. xxm, p. 40. 

72. Pop. Scl. Mod., Vol. XXil, pp. 196, 864. 
78. Am. Jonr. Scl. & Arts, Vol. xiv, p. 99. 
74. " " " " " XXIX, p. 178. 
T6. Am. Nat, Vol. XV, p. 812. 

76. Nat. Acad. Scl.. 1876. 

77. Amer. Jonr. Scl. aud Arte. 

78. Am. Nat., Vol. xxi, p. 646. 

79. Science, Vol. I, p. 803. 

80. Ara. Nat., xvn, p. 407, 

81. Wheeler's U. S. Geog. Sur., Vol. iv, pt. n, p. 182. 

82. Proc. A. A. A. S., VoL XXXI, p. 477. 
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85. Proc. A. A. A. S., Vol xxziii, p- 471. 
84. Froc Phlla. Acad. Nat. Scl., 18S1, p. 4S8. 
M. Science, Vol, ix, p. II*. 

86. Am. Jour. ScU and Arts, Vol. 27, p. 161. 

87. Proc Am. Phil. Soc, 1S73, p. SIS. 

88. Mem. B. 8. N. H.. Vol. iv, No. 1. 

89. Am. Nat., Vol. xn, p. 1172. 

90. Am. Jonr. Scl. and Arts, Vol. 23, p. 888. 
81. Proc. B. 8. H. H., Vol. x.xi, p. SOI. 

92. AnulTersar; Mem. B. 8. N. IT., ISSO. 

93. Am. Jonr. Scl. and Arts, Vol. 28, p. 161. 

94. " " " - " " 19, p 396. 

95. Proc. Am. Acad. Arts and Scl., Vol. xiii, p. 117. 

96. Am. Nat., Vol. xix, p. 90. 

g6a. TrsDs. Conn. Acad. Arts and Scl., Vol. m, p. 281. 

97. " ' " " " XIV, p. B6. 

88. Proc. B. 8. N. H., Vol. xxil, p. 179. 

89. Am. Nat., Vol. xii, p. 679. 

100. Proc B. S. N. H., Vol. xxm, p. 46. 

101. Science, Vol. i, p. 273. 

102. '* " III, p. B18. 

lOS. Stqdies trom Biol. Lab., Johns Hopkins Unlr., Vol. tii. No. I. 

104. Proc A. A. A. 8., Vol. xxv, p. 177, aluo Am. Nat., Vol. xi, p. 144. 

105. Am. Nat., Vol. xm, p. 12. 

106. " " " xn, p. 225. 

107. " '■ " XTU, p. 119. 

108. " " ■' xm, p. 178. 

109. " " " xiu, p. 713. 

110. Proc Pbila. Acad. Nat. Scl., 1860, p. 16S. 

111. Pop. Scl. Mon., Vol. xxvH, p. 809, 

112. Am. Nat., Vol. XX, p. 941. 
118. " " " xvn, p. 618. 

114. Proc Pblla. Acad. Nat. 8cl., 1685, p. S88. 

116. Am. Nat., Vol. xvrn, p. 1. 
118. " " " XV, p. 618. 

117. Mem. Nat. Acad. Scl., Vol. u, 4th mem. 

118. Pop, Bel. Mon., Vol. xxm, p. IS. 

119. Proc. A. A. A. 8., Vol. XXX, p. 240. 

120. Am. Nat., Vol. xvu, p. 1008. 

12t. Bept. Ojster Com. Maryland, 1884, p. 81. 

122. Ball. Am. 0«og. Soc, 1886, No. I. 

123. Am. Jonr. Scl. and Arts, Vol. xxv, p. 29S. 

124. St. LodIs Acad. Scl., May 7, 1888; also Am. Jonr. Set. and Arts, 

Vol. 26, p. 20. 

12G. Am. Jonr. Scl. and Arts, Vol. xxvi, p. 8TS. 

125. Science, VoL, viu, p. 283. 
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REPORTS OF COMMITTEES. 



RePOBT of TBB COUHITTEB oh ImDEXINQ ChBHICAL LlTEtUTDRE . 

The Committee on iDdezing Chemical Literature respectrully 
presenta to the Chemical Section its fifth annual report. 

During the year ProfesBor Charles E. Munroe completed and 
printed his Index to the Literature of Explosives, Fart I, in an oc- 
tavo pamphlet of forty-two pages. Part I embraces the bibliog- 
raphy of the subject as found in the following complete sets of 
periodicals : 

Journal Royal United Service Institution, 1857-1885, 28 vols. 

American Jonrnal of Science, 1819-1886, 130 vols. 

Philosophical Tranaactiona (Royal Society), 1665-1882, 173 
vola. 

Revue d' artillerie, 1873-1884, 25 vols. 

Proceedings U. S. Naval Institute, 1874-1885, 11 vols. 

H. M. Inspector of Exploaivea (Reports), 1871-188fi, 75 num- 
bers, making in all no less than 442 volumes, which have been ex- 
amined and indexed. In Fart II, tlie author intends to continue 
with additional periodicals, and finally to give a subject and an 
author-index to the whole. 

Dr. H. Carrington Bolton has published two brief bibliograph- 
ical helps for chemists ; the titles of which will be found in the list 
of Indexes at the close of this report. 

Mr. A. Tuckerman of New York has completed an Index to the 
Literature of the Spectroscope, which will be printed by the Smith- 
sonian Institution. 

Though of local interest only, we mention in this connection a 
useful check-Iiet of scientific jonrnals published by a member of 
the Aasociation. Mr. Clement W. Andrews has compiled a "List 
of the Scientific Periodicals in the Libraries of the various depart- 
ments of the Massachusetts Institute of Technology [Boston], 
April, 1887." This list contains two hundred and forty-seven titles 
arranged alphabetically by the first word, with the exception of 
Official Bepoils. In connection with each title, indications are 
(46) 
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given of the particular departmentB of tiie Institute, Dine in nam* 
ber, in whicli the periodical may be fount). 

Reports of progi-ess have been received from the following gen- 
tlemen, on tlio indexes named : 

Professor F. W. Clarke, Specific Gravity Tables. 

Professor W. H. teaman, American Cliemical Patents. 

Mr. George F. Kunz, G-ems and Precious Stones. 

Mr. Clement W. Andrews, Milk Analysis. 

Dr. F. E. Engelhardt, Common Salt. 

Dr. L. P. Kinnicutt, Meteorites. 

Prof. Erastus G-. Smith, Aluminium. 

Mr. Williana Beer, Bibliograpliy of Scientific Bibliographies. 

The Iftte lamented Professor Wm. Ripley Nichols left his Index 
to the Literature of Carbon Monoxide unpublished, yet bo well 
ulvanced as to permit its extension and completion ; this has l>een 
undertaken by Mr. Augustus H. Gill of the MassachuaetU Insti- 
tute of Technology. 

Offers of voluntary cooperation have been received from two 
chemists : Dr. Frank W. Trapiiflgen, of Staunton, Va., has under- 
taken to compile an Index to the Literature of Bromine, and Mr. 
A. P. Bjervegaard of the Aator Library, New York, has begun 
work on an Index to the Literature of Clii-omium, Iroth subjects 
having Iwen suggested by the Committee. 

As stated in an earlier report the Committee deems it advisable 
to note important bibliographical undertakings which come under 
its observation. Attention is called to the extensive Index to Me- 
teorological Literature now preparing by Mr. C. J. Sawyer of the 
Signal UDice, War Department. It is a classified index contain- 
ing about 50,000 titles on meteoi'ology and terrestrial magnetism 
including separate works, memoirs and published observations. 
It will be accompanied by a full author-index. The date of pub- 
lication of the manuscript will depend on congressional action. 

When coramitteoB for the preparation of indexes and bibliogra- 
phies of special topics are appointed by both the American and 
the British Associations for the Advancement of Science, it is emi- 
nently desirable that they should cooperate as far as practicable. 
A beginning has ali-eady been made in the direction of an Interna- 
tional Committee by tlie appoinlmentof oneof the members of our 
Committee (Prof. Leeds) to serve on the Committee of the British 
Association for indexing the literature of Solution. The circulars 
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Issued for the members contain a scheme of classification and a 
list of the periodicals, thirty-one in number, which it is proposed to 
index. The project also calls for original nork. Those desiring 
further information should address W. W, S. Nicol, the Secretary, 
at the Mason Science College, Birminghani. 

Members of the Chemical Section who attended tlie Buffalo 
meeting wilt remember that one of tiie Committee discussed in a 
bdef article the desirability of greater uniformity in the abbrevia< 
tions of Journal titles and suggested the formation of a Standard 
List for chemistry. 

The proposition was favorably received by the Section and the 
Committee, reinforced by Prof. C. K. Wead and Mr. S. H. Scudder, 
lias devoted much thought and time to the preparation of such a 
list. During the progress of the work the Committee was favored 
with suggestions from Mr. Clement W. Andrews of tiie Massacliu- 
aetts Iiisiitutc of Technology nnd from Prof. William Frear of 
Pennsylvania State College. Both of these gentlemen kindly drew 
up lists of abbreviations for tlie use of the Committee. The Com- 
mittee does not think it necessai-y in this place to detail the many 
difficulties encountered, but present to the Section a succinct 
statement of the principles, by which it was governed in preparing 
the Standai'd List. 

PBINCIFLES FOR ABBREVIATION OP TITLES. 

1. Follow established usages when possible. 

2. While seeking brevity avoid obscurity. 

9. Brevity and perspicuity are not to be sacriflccd to consist- 
ency. 

4. Follow the rules 1, 3, and 4 as laid down by Dr. J. S. Bil- 
lings, viz.: — "(1) Follow the exact order of words of the title. 
(3) Follow the orthographical usages of each language ; this rule 
disposes of capitalization. (4) Attain uniformityas far as possi- 
ble." 

5. If possible, indicate languages of titles by use of articles and 
conjunctions, or by spelling. 

6. When necessary to differentiate add names of editors or 
places of publication. 

7. Abbreviations should be intelligible without a key. 

8. Optional words ore placed in parentheees. 
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9. Obacnre Journals require fuller abbreviations than those {n- 
quently cited. 

These principles were adopted after personal conference and 
correepondence, by a majority of the Connmittee ; Dr. Alexis A. 
Julien, however, though welcorainji; this provisional list, expressed 
the wish for briefer abbreviations, and at his request we insert a 
Hunimary of hie views. 

Dr. Julien thinks further contraction of the abbreviations desir- 
able, chieQy by omission of vowels, even if established nsages are 
sometimes abandoned. He thinks that consonants indicating 
roots philological ly are in many cases sufficient ; such as Gm. for 
Qiom., etc. ; he favors the following Ch. for Cketn. and for Cldm. 
since the articles or conjunctions indicate the languages. Where 
the title of a journal is not readily confounded with that of any 
other he favors utmost contraction. He thinks the Standard List 
of Abbreviations will be more useful and more widely adopted if 
the abbreviations are shortened to a greater degree than in the 
subjoined list. 

Mr. S.H. Scudderalso dissents ftom the views of the majority of 
the Committee, approaching those of Dr. Julien but not going so 
far. He favors omission of all articles, prepositions and conjunc- 
tions) and regards the Provisional List of Abbreviations as tiur- 
densome and as supposing an unreasonable lack of acquaintance 
with names of Journals, He also somewhat prefers adding place 
of publication instead of name of editor when necessary to differ- 
entiate, and would always end abbreviations (unless elliptical) 
with a consonant. He suggested several shorter contractions 
than those of the monuBcripC submitted to him, which the Chair- 
man has ventured to incorporate in the Provisional List. 

The m^ority of the Committee took a strongly conservative view 
of the matter. Tliey felt that the abbi-eviations should in every 
case suggest to one moderately familiar with chemical periodical 
literature the name of the journal indicated ; they therefore avoided 
the use of symbols, or single letter abbreviations except iu the 
sole instance of " J " for journal — already conventional. At the 
same time the abbreviations in the following list will be found 
briefer and more easily recognized than those in the Catalogue of 
Scicntiflc Papers published by the Royal Society, or in the Index- 
Catalogue of the Library of the Surgeon General's Office. Yet they 
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believe they are full enough to be used without obscurity, in eucb 
Catalogues as thuae, covering almost the whole range of scientific 
journals. 

Tbe members of the Committee do not regard this report as the 
proper place to explain fully the reasons which have led to tbe 
adoption of each of the two hundred abbreviations submitted here- 
with ; nor <Io they feel called upon to defend their choice. But tliey 
do earnestly desire that, before their critics undertake furtlier con- 
densation in certain cases that seem to be needlessly extended, 
tliey shall examine the titles of a compendious bibliograpliy of sci- 
eiitiflc periodicals. By bo doing they will perceive the necessity 
of differentiation, and tbat provision has been made to avoid con- 
founding journals having closely similar titles. 

The Committee also realizes that it may often be desirable to 
shorten a given abbreviation for special reasons, as for example in 
printing tables, or where a large number of citations are made from 
a single Journal. This conversion of abbreviations into "symbols" 
must be left to the judgment and necessities of individuals. 

In presenting to tbe Section the draft of a list of abbreviations 
for their scrutiny and approval or disapproval, the Committee de- 
eirea it to be distinctly understood that the list is a provisional one 
and subject to such amendments as the Section may direct. Tbe 
Committee respectfully suggests that tbe Provisional List annexed 
to this Report be printed for use of members of the Chemical 
Section and that the Section take no action upon the list as a whole 
until the meeting of 1888. In the. interim the Provisional Listcan 
t>e subjected to the test of usf^e, and improvements or amend- 
ments which suggest themselves on trial can be recorded. All 
suggestions will be welcomed by the Chairman of the Committee, 
to whom they should be addressed. 

Several yeara having elapsed since tbe publication of a list of the 
indexes in print, the Committee deems it advisable to republish the 
list brought up to date, together with memoranda indicating where 
the indexes can be obtained. Unfortunately some are out of print. 
The Committee again thanks the Association and the Smithson- 
ian Institution for services which save the Committee from incur- 
ring the expenses of printing and mailing reports. 

The Committee begs leave to refer chemists receiving this report 
to their oft-announced appeals for voluntary cooperation in the 
A. A. A. S. VOL. nxxvi. i 
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work which it hae in charge. Sample copies of Indexes and other 
iDformation caa be bad by addressing the cbairman, care of the 
SmithsoDian iDstitatiou. 

H. C^RBiMGTOM Bolton, Chairman. 

F. W. CL1.RKE, (absent in Europe), 

Albebt R. Lexds, 

Alexis A. Jolien, 

John W. Lamqlet, 

Sauubl H. Scuddbb, 

C. K. Wead. 
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APF£NDIX TO BEPOBT OF COBHITTEB OK IMDEXINO CHKMICAI. LIT- 
EEUTURE. 

[A.] List op Ihdkzes to Cukhicai. Litskatore. 

(1) ITranfiini, Index to tbe Llteratare of. By H. Cftirington Bolton. 
Auaals of tbe New York Lyceam of Natural HIstorj, Vol. IX, February, 
1870. 15 pp. 8vo. 

<a) Oulliata of a Bibliography of the Hittoiy of Chemtttry. By H. Car- 
rlngton Bolton. Annala Lyceum Nat. Hist., Vol. X, pp. 8S2-S61. New 
York, 1873. 

(8) Manganese, Index to tbe LlteratQra of; 169S-I8Tt. By H. Carring- 
ton Bolton. Aooals of tbe Lyceom of Natural History, Nev York, Vol. 
XI, November, 187S. H pp. 8vo. 

(4] Tiianium, ludex to tbe Llteratare of { I78S-18TS. By Edw. X Hal- 
lock. Annals of the N. Y. Academy of Sciences, VoL I, Nos. 2 and 3, 
1877. 22 pp. 8»0. 

(6) Vanadium, Index to the Literature of. By G. Jewett Rockwell. 
Anoals of tbe N. Y. Academy of Sciences, Vol. I, No. S, 1877. 13 pp. 
8vo. 

(6) Ozone, Index to tbe Literature of; 18T6-1S79. By Albert B. Leeds. 
Annals of tbe N. Y. Academy of Scieoces, Vol. I, No. 12, 1880. 32 pp. 

8 TO. 

(7) Peroxiikof ^{(dro^tn, Tbe Literature of; 1618-1878. By Albert S. 
Leeds. Annals of tbe N. Y. Academy of Sciences, Vol. I, No. IS, 1880. 
11 pp. 8vo. 

(8) Electrotgitg, Index to tbe Literatore of; 1784-1880. By W. Walter 
Webb. Annals of N. V. Academy of ScleDces, Vol. II, No. 10, 1882. 
40 pp. Svo. 

{V) Speed of Ghemical Seaction*. Literature of. By Robert B. Warder. 
Proceedings of tbe Am. Assoc. Adv. Science, Vol. XXXII, 1883. 3 pp. 
6vo. 

(10) Starch-rugar, BIbllograpby of. By Edw. J. Hallock. Appendix E 
to Report on Glucose prepared by tbe Nattoiml Academy of Sciences in 
respDUS^to a request made by tbe Commissioner of laterual ReveuDe. 
U. S. Internal Hevenae, Waahlnglon. D. C, 188*. *i pp. 8vo. 

(11) Ozone, Index to the Literature of, 1879-1883; accompanied by an 
Historical-Critical Resume of tbe Progress of DlscoTery aiuce 16T9. By 
Albert R. Leeds. Anoals N. Y. Academy of Sciences, Vol. Ill, p. 137, 
1881. 16 pp. 8to. 

(12) Peroxide o/ jBjfdro^en, Index to the Literature of; 1819-1883. By 
Albert R. Leeds. Annals N. Y. Academy of Sciences, VoL III, p. 153, 
1881. S pp. evo. 

(El) 
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(13) Dictionary of Iht Action of Beat upon Certain Metallic Salu, inclnd- 
log an Index to the principal Literature npun tbe Subject. Cumplled and 
arranged by J. W. Baird, contributed by A. B. Prescott. New York, 
186*. 70 pp. 8vo. 

(14) Bibliography of Fetroleam, by Prof. 8. F. Peckbam. Report on the 
Production. Tuchnology and Uaes of Petroleam and Its Products. Re- 
port of tlie teutli census of the United States, Vol. X, J88+, *to; pp. Z8I- 
801. [A compreheuslve bibliography of Bitumen and Its related subjects.] 

(15) A Cntfitogiis of Chemical Fei-iodleala, by H. Carrlugton Boltou, 
Annals N. Y. Academy of Sclencoa, Vol. Ill, pp. 169-216. New York, 
18S6. 8vo. Also chemical News Print, Loodou, 1866, 

(16) Iridium, Bibliography of the Metal, by Nelson W. Perrj. In Prof. 
W. L. Dudley's paper on Iridium published In Mineral Resources of tbe 
United States, calendar years I8S3 and 1864. Waslilngcon, 1885. 870. 

(IT) Uranium, an Index to the Literature of; 1789-1X85. By H. Car- 
rlDgton Bolton. SmItLsonlan Report lor 1866, Washington, 1885. 36 pp. 
8vo. 

(18) ExpliisiuM, Index to the Literature of. Part I. By Ciiarles £. 
Muni-oe, Baltimore, 1880. 42 pp. 8 to. 

(19) Supplement to a Caiaiogue of Chemical FeriodicaU. By H. Carriage 
ton Bolton. Annals N. Y. Academy of Sciences, Vol. IV, 1887. 4 pp. 
8»0. 

(20) Short TUla of Chemical FeriodicaU current in 188T. By H. Car- 
rIngtoD Bolton. J. of Analytical Chemistry, Vol. I, Part I, 1687. 4 pp. 
8to. 

NOTB. Copies of I, 8, 9, IB, 16, ifi, IT, 16 and 19 can be obtained by ad- 
dressing the respective authors. Copies of S, 4, 6, 6, T, 8, 11, 13, can be 
had of Prof. D. S. Martin, New York Academy of Sciences. Copies or 
10 can be bad of tbe Commissioner of Internal B«venue. Copies of 14 
can be bad of the Census Bureau, Washington, I>. C. 



Tbe numbers refer to the Catalogue of Chemical Periodicals by H. Car- 
rlngton Bolton, New York. 1885, 8to. TlUea 163-19G in the Supplemeni, 
New York, 1887 [Nos. 16 and 19 of the preceding list]. 

Afh. Fys. Kemi. 6. Aim. dl chlra. agrlc. '» 

Agenda chlm. T. Aim. de cblm. 

Chem. Ztg. 8. Aim. Scheld. Apoth. 

Allg. chem. Bibl. (Trommsd.) a Tascheiib. f. Scheld. 
Allg. J. Chera. Scherer. 9. Am- Chero. J. 

a N. atlg. i. Chem. Geblen. 10. Am. Chemist. 

6 J. fUr Chem. Gehlen. 11. Am. Lab. 

c J. liir Chem. Schwelgger. 12. Analyst. 

d J. prukt. Chem. 18. Ann. Chem. (Lleblg). 
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Add. chlm. ph;s. I 

Aon. dl chlm. (BrogDatellt} I 

Add. fls. chiiD. ( 

Aun. Cbem. Med. ( 

Add. Cbem. Pbll. < 

[Refer to U]. i 

Add. Ch;n). Pract. Pbarm. C 

Add. Pfaami. Bastlck. C 

Add. Phil. (TbomsoD). ( 

Annnalre prod. chlm. ( 

Annn&lre chlm. ( 

AuDnalre scl. chlm. 6 

Annual Rep. Cbem. ( 

Anno. aim. pel chlm. 7 

Anno. chlm. 1U1. 7 
Anno. scleDze chlm. nat. 

Anno, eclenze cblm. fftrm. ? 

Antl-Adnlt. Rev. 1 

Arcb. der Agr.-Chem. I 

Arch. lor Pharm. Trier. 7 

Arch. !^K. Nalurl. 1 

Arch. fUr Iheor. Cbem. 1 

Arcb.thler. Chem. 1 

Arab. Phya. Ch«mt. 7 

Aasw. Abb. Cbem. Crell. fi 

Aasw. Add. Chem. Crell. t 

Beltr. Cbem. Wasaerberg. i 

Beltr. MlD. Klaprotb. t 

. Beltr. Cbem. Bacboli. i 

, Arch, nir phjHlol. Cbem. 6 
Ber. d. chem. Oes. (or Ber.) 

Berl. Jabrb. Pharra. 8 
BIbl. phjs. Lit. (Hennbatadt.) S 

Ann. Chem. Lit. i 

Boa ton J. Chem. 8 

J. de pharm. i 
BuU. math, cfalm. (F6russac.) 9 

Caaopis chem. 9 
Ceutrbl. Agr.-Cbem. 
Cbem. Gai. 

Chem. News. 9 

Chem. News. Am. Repr. 9 

Chem. Record. (Lond.) a 
Chem. Key. (Lond.) 

Am. Cbem. Rev. S 

Chem. K&l. 9 



(Am. 



I. TecbD.-cbem. Jshrb. 
Chem. Ackersmann. 
Chem. Ann. Crell. 
Chem. Ind. (Jacobaen.) 
Chem. phjs. oefen. 
Cbem. Arcblr CreU. 
Chem. J. Crell. 
Chem. -pharm. archlef. 
Chem. tecba. Mttthl. 
Chem. tecbn. Re pert. 
Chemist. MoDgredleu. 
ChemlBt. Watt. 
Cbem. and Drug. 
Chem. Advocate. 
Chem. aDd Meteor. J. 

berst) 
Chem. Deak Camp. 
Chemists' J. 
Chlm late, Bnixelles. 
Cblmlste, Paris. 
Compt. rend, or C.R. 
C. R. chlm. Montpelller. 
Crell's Chem. J. Lond. 
Dcntscher Chem. Eal. 
EdlQb. J. Scl. 
Fortscbr. tecbn. Chem. 
Fortschr. theor. Chem. 
Fortschr. Chem. Efiln. 
Oazi. chtm. Ital. 
Qazi. chlm, tecbn. (Sembe* 

Dlui). 

Gail, rbrra. (Sembenlni). 

Oazz, fkrm. chlm. (Veoezla). 

Glom. fls-chlm. Ital. 

Glorn. cblm. veterla. 

Glom. Farm. chlm. (Onjanl). 

Glom. dl farm. Chlappero. 

Olom. dl farm. Cattaneo. 
a BIbl. dl farm. 
t> Ann. dl tkno. appl. (Polll). 

Glorn. dl Bs. M^occhl. 

Gloru. dl fls. Brugnatellt. 

Oba.aor. phys. 
« J. de pbys. 

Jahrb. ErOnd. 

Jahrb. CkoD. C^em. 
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8. Jab. Agr.-chem. (Dltmer). 18 

9. Jsb. relD. Chem. IS 

0. Jab. AgT. Cliem. IS 

1. Jab.chem. TechD. (or Wagner's 

Jsb.) 18 

2. Jab. ph;s. WiBs. (or BeizeUna' 

Jsb.) IS 

9. Jsb. Chem. 14 

4. Jab. thlerChem. H 

5. J. chlm, ph/B. Vau Mods. 14 
4. J. chliD. med. 

7. J. chtm. Van Mods. 11 
«. J. der Pharm. Trommsd. 

g. J. der Phys. Oreo. 

a N. J. der Phys. Oreo. 14 
b Add. der Phys. Greo. 

C Aun. der Pbys. Gilbert. 14 

d Ann. der Pbys. Pogg. 14 

e Add. der Phys. Wled. 14 

/Belbl. Ann. der Phys. 14 

0. J. Phys. KrSiilg. 1* 

1. J. tecbD. Chem. 

2. J. Appl. Chem. 

8. NlcholsoD'a J. IE 

4. J. 8oc. Cbem. Ind. 16 

5. K. pbys. chem. Abb. IS 

6. Ztachr. Chem. !& 
.7. Lsbaratorlum. 15 
S. Laboratory, Boston. IG 
.9. Laboratory, LoDd. 16 
to. LlBty chem. IB 
II. Mag. 1. Apotb. (Elwert.) 16 

a Report, f. Cliem. (Elwert.) 

!2. Mag. hehera Naturw. 16 

IS. Uech. and Chem. 16 

4. M». phys. chlDi. 16 
!6. Mem. prat. chlm. 

«. Mem. ColDmb. Chem. Soc. 16 

IT. Misc. chlm. fls. (Pisa.) IS 

18. MItlhl. Chem. (Kletslosky). 16 

«. MItthl. Lab. Chem. Brfina. 16 

;0. Monatah. Chem. 16 

11. Mod It prod. chlm. 16 

12. MoDth. Mag. Pharm. IS 

13. Naturb. chem. Notts. 16 

14. Mag. nir. Pharm, (Oelger.) 16 



Orosl. 

PeDny Hech. 

Pharm. limes. 
a Chem. Times. 

Pharm. Centrbl. 
b Chem. CentrbL 

Pbannactsl. 

PhlLMag. 

PIrift. 

Proc. Am. Chem. Soc 
a J. Am. Chem. Soc. 

Proc. Cbem. Soc. 
a Q. J. Chem. Soc. 
b J. Chem. Soc 

Raccolta fls. chlm. 
a Ann. fls. Zantedeschl. 

[Refer to 87.] 

Recherches phys. -chlm. 

RecneiltTOT. chim. 

Hep. chlm. Paris. 

Bep. chim. pore. 

Hip. chim. appl. 

Ball. Soc. chlm. (Paris.) 

R£p. de pharm. Bruxelles. 

Bap. de pharm. Paris. 

Rep. anal. Chem. 

Bep. chem. Pharm. St. P. 

Bep. d. Pharm. (Bttchner.) 

Rep. org. Chem. (Lowlg.) 

Rep. Pharm. Rnssland. 
1. Rev. hebd. chim. 

ReT. Sc Qoesneville. 
a MoDit Sc. QnesaeTille. 

Bev. Ind. chlm. 

Reriata chim. 

SammL Abb. Chem. Hoch' 
heimer. 

Scheilf. bibl. 

Schelb. bijdr. 

Scheie, onderzoek. 

School Mines. Q. 

Tsschenb. Bcheik. 

Tecbn.-chem. Kal. 

Techn.-chem. Gewerbebl. 

TechD. -cbem. Jahrb. 

TekDO-kem. J. 
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BEPOBTS OF comurrxBa. 



170. 


XidMk. mv. ChemL 


189. 


Meddel. Carlaberg Lab. 


171, 


Tidsak. PhjB. CbemL 


190. 


N. T. Analyat. 


172. 


xydscli wet. phann. 


a Am. Analyst. 


178. 


Toeg. Mheik. 


191. 


Skand. Kem. Ceutrlblad. 


a 


IfaaadbL toeg. schelk. 


193. 


SnppL eacldop. chlm. 


174. 


N. Oegenst. Caiem. (Elchter.)198. 


Tokyo K. Kalahi. 


176. 


Untera. Ueblg-a Lab. 


194. 


V]9chr. Chem. Nahi. 


176. 


VJschr. techn. Chem. 


196. 


Ztschr. Cbem. Ind. 


177. 


Tesrbook Kiarin. 


196. 


Ztscbr. phys. Cbem. 


178. 


Ztschr. anal. Ctem. 




Am. J. Sci. 


179. 


Ztschr. cbem. Grosagew. 




Arch, ac phja. 


180. 


Ztschr. pbyalol. Chem. 




Jen. Ztschr. 


181. 


Zburual EUm. 




Sitzb. Akad. Berlin. 


182. 


ZpraTT Cbem. 




Sitzb. Akad. Wien. 


188. 


Boll. Msoc. chfni. Prwice. 




Phil. Trana-Lond. 


184. 


BnlL Cbem. Soc Washlnetoc 




Froc. Roy. 8»c. 


185. 


CbemUcer. n. Droglat. 




Proc. Am. Acad. 


186. 






Ann. N. T. Acad. Sd. 


187. 


Dentscbe Cbem.-Ztg. 




Proc. Acad. Nat. Scl. PfaU. 


188. 


J. AnaL Chem. 







The number of Society Tranaactlona pabllshlng chemical papera Is 
very great, aud the list (added at the aaggestlon of some membera of the 
committee) coold be greatly extended. 
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REFOETS or OOHUITTKES. 



MOMENCLATOKR, WITH SPBCUL 



Thb Committee bu hod onder consideration t anniber of chaag'es or 
modiflcatloQS of t«rms now in general use. Tbeee have been proposed 
either witti a view to tbs correlation and slmpllflcntlon of tba already ex- 
isting D omen c< at are, or for the more accurate llmltatloD of certain termd. 
An attempt was made to formnlate some general rules, especially Tor those 
terms which describe the relations of organs and thetr aspects with regard 
to the vertebrate axis. 

It wan found, honerer, that. In order to do this snccessfUtly, aad pro- 
duce a result worthy of the Association, it would be necessary to Include 
in the scheme of revision not only English terms, bnt also those of the 
prluclpal European lan^ages : espaclally French, Qerman and Italian, M 
well as the parent Latin. It Is often found that excellent terms for ■ 
structure exist in one of these languages while objectionable ones are found 
In the othsre. An; changes to be recommended should. It ia bellered, be 
such as could readily be adopted In all. 

That this Is a work of considerable magnitude will easily be seen. Any 
partial scheme might, however, be tbuod to clash with the one which the 
Committee hope finally to fully mature and complete. For that reason ft 
Is thought best to defer any particular recommendations Ibr the present. 

It Is proposed to prepare a schedule of the terms in actual living nee In 
encephalic nomenclature, giving equivalents In English, Latin, French, 
Italian and German, with a general ludlcatlou of the principal authorities 
which use each. Thus may be estimated the relative weight of authority 
which each term may have. From this as a basis, recommendations can 
be made as to terms which should be discarded or modified ; and the ex- 
act bearing which any new terms may have upon those which remain 
can be noted. It Is hoped In this way to correlate the nomenclature with- 
out doing violence to It and without Introducing crude or anaccepuUile 
novelties. 

Frank Bakss, 
H. F. OsBOKN. 

Members of Committee present. 
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SECTION A. 

MATHEMATICS AND ASTRONOMY. 
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OFFICEES OF SECTION A. 



Vice JPrwUent. 
3. B. EabtMah' of Washington. 

Secretary, 
Henbt M. Paul of Wufatngton. 

Member of Council. 
Hbmbt FAsqimAB of Washington. 

Membere of SecUonal Committee. 

O. W. EovOH of CMcago, Orkond Stonk of Unlr. of Virginia, 

C. L, DoouTTLB or Bethlehem. 

Member of Nomifiattng Committee. 
R. S. WOODTARD of Wuhloston. 

Member* of Sub-eommUtu on domination*. 

C. H. BoacwKLL of Tanytown, C. O. Hockwood of Princeton, 

£. L, Larkjk of Veyr Windsor. 

> To mi Tisuic; canaed by the ituenoe of Wlixux FKtBELi. 
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PAPBES BEAD. 



On a hbthod of computing thb 8bcdl*r oomtraction of thk earth. 
By B. S. Woodward, U. S. Geological Survejr, Wuhlngtun, D. C. 
[abitkact.] 

The Bktare &Dd dtUcaltles of the problem are first set fbrtb. 

Tbe method Is based on toar assumptions, rlz. : 1. An Initial anlform 
temperature for tbe eartb's mass ; 2. A conatant coEfflcIent of dlfflialoD 
for that mass ; 8. The Bomcteacy of tbe Qrst approxlraatloD to tbe roots 
of FoDrler'a transcendental eqnatlon ; i, A constant coSfflclent of cd- 
blcal coDtracttoQ. The grounds for these assamptlons are dlscDSsed and 
the desirability of certain experimental Information iodlcated. 

The main features of the mathematical work are explained and their 
correctness tested. The resnlting expression for the contractlou Is glTen 
two principal forms, the one applicable to the earlier and the other to the 
later stagea of cooling. 

Some uamerlcal reaalta dependent on Sir Wm. Thomson's cofifBclent of 
dlffQstoD are given. 



Trk paper dtscassea the anomalies of both early and recent, definitions 
ol trocboldal cnrves; demonstrates, klnematically,the property of double 
generation of all epl- and bypo-cyclolds and trochoids, establishing the 
identity of curtate and prolate forms ; abowa the Inadequacy of the exist* 
log nomenclatnre to suggest the mode of generation of all cnrves of this 
class, and presents the following completed noraenclatore In a tabolar 
form (see next page) snggested by that of Kennedy, and of which it Is 
both a modlflcatlon and extension. The last three columns are the new 
and completing feature. 

The demonstrations above alluded to establish tbe Identity of the cnrves 
ivhose names are preceded. In the following table, by the same letter. 
(69) 
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KATBEHATICS ^ND ASTROMOHT. 61 

Standard dijiensioss ly astronoiiigal and physical instruments. 
By J. A. Brashriir, AUegheny, Pa. 
In a paper road before the Frnnklia Institute by Mr. George M. Bond, 
the present secn-tar; of Section I>, the following words were quoted from 
Air. Forucy's report to the Master Car Builders' AssoclatloD, on standard 
bolts aad nuts : 

" It i9 worthy of note that a remedy for the evil complained of by the 
Master Car Builders, that nuts, made by some Arms, would not screw on 
bolts made by other firms, at flr:<t baffled the ability of the most prominent 
monnfacttirers of tools in the country, and to provide an adequate remedy 
it was nccc:4sary to secure the asslntaace of the highest scientific ability 
in tJje country, which was supplied through the cooperation of the pro- 
fessor of astronomy of the oiliest and most noted institution of learning 
In the land. The man of science turned his attention from the planets and 
the meoaurenients counted by millions of miles, to listen to the impreca- 
tion perbaps of the humble car repairer, lyluj? on his hacfe and swearing 
becaase a 5-8 nut a trifle small would not screw on a bolt a trifle large." 
We all know this professor of astronomy and the noble work he haa 
done in the way of glvios; us standardB of the highest accuracy, which in 
turn have been carried out Into practical mechanism by some of the hon- 
ored members of the American Association, especially by Jlr. Bond of 
the mechanical section. 

Faradiixical as It may seem, though the astronomer has furnished the 
most accurate standards for tlie mcchaniclttf, thus facUitatlug the con- 
struction of Interchangeable machinery all over the world, tlie astronomer 
himself has yet to put up with an eye-plcce that is just a little too large 
for a sliding tube that la just a little too small ; or, In other words, that 
branch of science, which ha.-i furnished the standard for ail other work, is 
without any standard for the construction of its own instruments. 

How many of the parts of an astronomical or physical instrument 
should be made interchangeable, I am not now willing to say, but every 
worker with the telescope, spectroscope, or otlier instrument for physical 
research, will bear me out In this fact : that there is a sore need of standard 
dimensions in many of the parts of our apparatus. Indeed, our president, 
Professor Langley, wiis one of the very first to call my attention to the 
matter, und suggested that It would be a very excellent plan for this Asso- 
ciation to appoint a committee to discuss, and, if possible, decide upon 
some standard dimensions of the more Important parts which should at 
the earliest date be made Interchangeable. I might urge many reasons In 
support of standard dimensions in many of the parts of our astronomical 
and physical lustruments, but it is not necessary, as the day has passed 
When we are satisfied with anything but interchongcabie parts in modem 
machinery ; therefore we should not be satisfied with anything less for onr 
astronomical and physical Instruments. 

Ab an illustration of what Is needed, I have constructed four spectro- 
scopes within the past j'car for six Inch apertui^ telescopes. The diame- 
ter of the tall piece of these telescopes has varied from two and one-half 
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iDcbea to six Inches, requiring a neir pattern to be made for every cl&mp 
tbat holds ttie spectroscope to the telescope. 

We have indeed only to look at tlie great variety of eye-plecea and their 
varied diameters for which we are constantly called npon to make adapt> 
ers, so that they may be used with any degree of pleasure, to see how far 
we are from the ideal astronomical or physical Instrument. We shall. In 
all probabUity, have to call to our assistance the " mandrel drawn " tube 
makers to give us standard tubes; and perhaps the founder to ^ve us a 
standard metal, but we should make a move In the matter, and every* 
thing will come out right. These very mechanicians, to whom the astron- 
omer has furnished the data, bave given us standard reamers, standard 
ganges, and every facility fur making our own work standard, and so we 
are without a subterfuge, without a valid excuse for doing our work iu a 
" haptiazard " way. 

I ahonld hope that whatever parts of our instrument we make of stand- 
ard dimensions, that the basis should be a decimal system, preferably the 
metric ; Indeed, la it not possible that these standards might be made In- 
ternational, as they should most sorely be ? The greater then the value of 
the metric basis. 

This paper Is only suggestive, but I trust will serve to call attention to 
a fault la the construction of our apparatus that is not in accord with tbe 
progress in other lines of mechanical art. 



Tub fhkkombna or soLiR-voR'nci:8. By Prof. Frakk H. Biqklow, 
Kaclne, Wis. 

[ABSTOAOT,] 

Thk theory of tbe sun-sppta oa vortex rings admits certaiu testa whicli 
are here Indicated. Tbe spots are supposed to originate In the foUowIog 
manner: — the sun Is composed of an ellipsoidal nucleus of viscous mate- 
riel wil^ a figure corresponding to the period of i-otatlon; surrouQdlDg- 
this is a convectional region tilled with currents of radiated gases and 
surmounted at the end of the cooling rsdlus by a' spherical envelope of 
condensation. The low specific gi-avlty of the sun, the iuVBriablllty of 
Its apparent diameters under rotation, tbe acccleratlou of tlie equatorial 
belts point to this conclusion. The general contraction of the nucleus 
and other causes of constriction produce great bubbles all over Its sur- 
face, but most vigorously near parallels of structural weakness where the 
taugentlal tension on the surface Is a maximum. Tbe escape of the gases 
occurs In the form of vortex rings which finally Impinge upon the envel- 
ope, the strongest being able to bi-eak tbrougli. The spot belts and their 
periodicity depend upon the special energies of the nucleus. 

Spots are distinguished as of the normal type and of the Irregular 
forms. Each spot passes through three stages : the formation, tJie quies- 
cence and the degeneration. The natural development ol a vortex Is that 
ordinarily observed, an apparition with local disturbance of the aurface, 
including a lifted space gradually streaked with cleavages; the appearance 
of the true ring, urabra, penumbra and pbotospbore, with tlieir respective 
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temperatores, accompaDled hj the A>rm&tlon of segments as the motions 
of trausUtloD and rotation become exbftnsted ; flnaU? tbe breaking np with 
ragged latrosion Of the snrrODDdlng matter lata the cavity tbas prodnced. 
There Is a doable tendency, first of npward ascending cnrreDta UU the 
vortex motion Tanlshes, and second of Inward descending currents while 
the broken sarrace is being replaced. The middle stage la of qalesceuce 
or non-actlvlty while the forces are In approximate eqalllbiiam.' The two 
types and the three classes of spots are only temporary modes of partial 
formation. From the time of appearance to the end of quLesqence, when 
the direction of the movement changes, Is the opportnnlty to. study tba 
vortex phenomena. 

We present some prootb of this condnslon. 1. The motion in the Spots 
Is known to be npwards, conflicting or quiescent, and downwnrds by turns, 
on spectroscopic evidence. Currents of great velocity passing through 
an opening always assnme a cyclonic rotation, If they act as a contlnnoua 
Stream. The stream-current theory la Inadmissible since do strong circu- 
lar motion Is observed, uor Is there snfflcleut accumulation of material at 
the place to allow for the vast quantity of fresit sobsiances implied In such 
currents. The only alternative to tangeotUl vortices is that of radial vor- 
tices or rings. S. The formation of filamentary sections In planes Inter- 
secting at the centre ofthe vortex, «nd following the law that the product 
of the angular velocity Into the section-area Is a constant all around ths 
ring, la apparently followed Id t.:ie sun-spots. At this point accurate 
measures of the velocities and sections of the penumbra are needed for 
verification. The Interchange of the relative section-areas Is exemplified 
constantly ; the persistence of the direction of the fllameut planes of rota- 
tion towanls the orlgloal origin under the stress of distorting forces Is a 
very obvious feature; the direction of the bridges, the direction of the 
filaments in the queues have the same meaning. 

In order to measure the position and area of the sections at different 
epochs so as to render the results comparable, It Is necessary to Introduce 
such coordinates as can be referred to the fundamental plane determined 
by the observer's line of sight. Those proposed are ; x-axls the tangent 
to the solar parallel passing tlirough the centre of the vortex, positive 
• eastward; v-&zIb the solar meridian, positive northward; and the 2-axU 
normal to plane of vortex, positive outward. A series of general formalte 
for tabulating the position of the z-asls and the y-axls depending upon 
the sun's longitude were given. The actual measurements must be re- 
duced to the anit-roeasureB on the plane of reference, and formuls for the 
axis- foreshortening were produced. 

Practical work upon the spots should have In view the successive areas 
of the sections, taken as consecutively as possible at short enough Inter 
vals to trace accurately the changes as they take place lu the same section , 
The photographic methods may tbrnlsh a resource for overcoming the In- 
herent dlfflcDltles, If pictures can be taken showlug a snfflclent number of 
details on the spot. It Is also suggested that the study of vortex-rlngs on 
a lai^e scale, as found in some volcanic regions, will supplement the 
mathematical theory with certain empirical constants needed in the appU- 
citlons to the solar- vortices. 
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The atCOHRTRIC MSANtNO OF SINGULAR SOLUTIOHS OF DIFFKRBHTliL BQCA- 
TION8 or THB SECOND i»D BIOHKB OltDBBS. By Prof. HbNBT B. FlHK, 

Princeton, N. J. 



DiFFRRKNTiu, eqaatlons generally have no singular solatlona. For tbeir 
occurrence In tbe case of the eqaatloa ot the second order, it is 
neccMBry that there exist sach relations aniong the coefficients of 

(<Pv ds \ 

'^''dx ^'^) '^ " *''" '*'* complete primitive ^ (a:, y, ., g) =- o be 

contlnnous function of x, y, ■, In a Suite portion of the plane. On this 
hypothesis, t (x, y, >, |9) = represents a doubly InQnltc system or 
carves, algebraic ortrnnscendental. Invesilgatlou slions that the relation 
holUing between llie coordinates of tlie point Where any particular carve 
of the system « ;• o Is met by a consecutive curve * + t:'** + ^ dP^o 
wh1ch(oucAeslt, and theslopeof the common tangent at this point — let this 



relation be called X i -E,y,x\ ~o — Istobe got by elimination of • and 



I 



p between t = o, ■j^^ arA I 






~ 0, and Is therefore 



the singular solution. 

The theorem readily follows : — 

3Ae litif/alar solution of a dtffernntial egnatton of (Ae xtctmi^rAtr it a 
alnffty ij\flnile system of cumts, sach of wli(ch has at merg on« of Ua poiatt 
douUe eoniaet teith a panicular curve of the doubly infinite system eonBtitut- 
inn the complete prtmiilve. 

The demonstration and consequent theorem readily admit of extension 
to differential equations of higher orders. 



On thk viEiBiLirr of objects as co.vditiosed by TnsiR MiONrruDB 

AND BRtOIITXESS, WFTH APPLICATION'S TO THK TUKOKY UW TBLESCOPKS 

By Prof. Wm. Habkhess, Washington, D. C. 

In this paper a scries of eiperiraunts with Snellen's and other teat-type 
were described, from which it was deduced that if c is the visual angle 
neciissary to render the type legible when so illuminated that their bright- 
ness Is b, then the relation between d and b Is expressed by the equation 

6 (0 — 3,62') = 1.38 
where d Is to be taken In minutes of arc, and the unit of brightness ts 
ordinary day-light sufficiently intense to cause the pupil of the eye to con- 
tract to a diameter of about one-tenth of an Inch. This deHnitlon may 
seem rather vague, bat it is not really so becanse within pretty wide limit 
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of illamln&tlon the antomatlc action of the Iris redaces the YlaatX bright- 
ness of objects to & nearly invariable standard. In the experiments 
from wliich the formnlawaa deduced, the brightness ranged from unity to 
about O.0013 ; and, as at the latter brightness, the pupil of the eye would 
be expajided to a diameter approximating 0.24 of an Inch (when It wonld 
admit 6.76 Umes more light than with a diameter of 0.10 of an Inch) the 
experiments reallj covered all degrees of Illumination from unity to about 
0.0002 — which seems to be the entire range of human vision. 

After the derivation of the formula had been explained, It was applied 
to tbe general theory of telescopes, Incladlng nigbt glasses, and it was 
shown that the maximum visibility of faintly Illuminated objects Is ob- 
tained when the telescope employed has a clear aperture In Inches equal to 
one-qaarter of Its magnifying power, and the power Is JiiBt sufllclent to 
give tbe particular object observed, an apparent visual angle of about ten 
degrees. Among the phenomena explained was Hcrschel's famous exper- 
Imeot of reading tbe time from the dial of a distant church steeple by 
means of a large telescope when the darkness was such that the steeple 
Itself wtta Invisible to the naked eye. Incidentally, a shnple and accurate 
method of measuring the diameter of the pupil of the eye In almost com- 
plete darkness was described. 



PhOTOMBTHIC OBSKRVATIONB Of ASTEROIDS- By Hbkry M, Paekhurbt, 
Hew York, N. T. 

[AB8TBACT.I 

Individuai. Stars not reliable as photometric standards. 

Their changes of brightness cannot be safely predicted. 

Asteroids are liable only to certain changes which can be ascertained 
and predicted. Practically the principal change, after reducing to dls' 
tance unity. Is connected with phase. This varies In amount with difkreni 
asteroids. 

Usually tbe correction for rotation Is so small that It ta merged In 
Irregularities of the sky and the errors of observation. Bemarkable «■ 
ceptlon. 

Results of observations of Vesta, as compared with tbOM of Profes- 
sors Pickering and Harrington, after correction for phase. 

Proof that the change in solar lllnmlnation at the present time is im. 
perceptible. 



MOMBXT OF iNKRTu. By Prof. J. BoRKiTT Wksb, Sterens Institute, 
Hottoken, S. J. 

[ABSTRACT.] 

This paper called attention to a difference In the deflnltlon of the term 
" Moment of Inertia" by which, In some cases, all reference to mass Is 
omitted. The necessity of a clear and consistent deflnltlon for students 

A. A. A. S. TOL. ZZXn. S 
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of mechaDlca was loBlated npoa and aome dlfflcnltteB referred to arising 
trwa deflnltloDS of tbe term which omit the mass. A almple appiratns 
was described which was devlsetl by the aothor for ose la determining 
the moment of Inertia of an; bod; befora a class or In practical work and 
the advantage of tbns gUlng to BtndentB as concrete an Idea as poaalble 
of momeol of Inertia was urged. 



On thb KOOBNTRidTiKS or ouESsma. B; Prof. T. C. HaKotHHAix, 
Terre Haate, Indiana. 

, [*B8TB*CT.] 

A SKiUES of about seven thoasand gaesses on the nnmber of nails in a 
carboy was analjzed, the resnlts gronped b; hundreds and a chart show* 
Ing their distrlbntlon was coDStructed. The resulting line showed some 
resemblance to the probability cnrve. 



Ok thr obbit of Htfebiok. By Prof. Obuond Stonb, University 
of Virginia. 

On the HomzoKTAi. flbxusk ot a uiikedian' cibclk. By J. M. Scoae- 
BBRLE, Observatory, Ann Arbor, Mich. 
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This is an Association for the Advancement of Science and 
the aim of ita meetings has been to foster scientiQc research by 
affording, at least, opportunity for reports in ttie form of scientific 
papers upon the nork accomplished by individual members, and 
for that general discussion and exchange of thought that so mnch 
aid scientific progress. With the same view, I suppose, it is de- 
creed, that " the Vice Presidents shall be the chairmen of their 
respective sections, .... and it shall be a part of their duty 
to give an address each before his own section at such time as the 
Standing Committee shall determine." This rule compels me to 
ask your attention, for a brief period, while I add my mite to the 
promotion of the object of our meeting. 

In 1883, your chairman gave you " A Plea for Pure Science." 
He pointed ont to you the noble, self-sacrificing labors of those who 
have worked in the field of science for the purpose of discovering 
nature's secrets, and with no hope of pecuniary reward. He de- 
plored the utilitarian tendency of our age and especially of our 
nation. He urged the importance of the study of science for the 
sake of science, and urged those occupying professors' chairs to 
give the time they could spare torn their duties to scientific inves- 
tigations instead of to commercial and expert work. We can all 
agree with him in admiration of the disinterestedness and self- 
sacrifice of the greatest scientific workers. We can agree with 
him that the grandest scientific problems, the determination of the 
constitution of matter, of the origin of the forces we are daily 
using, of the bidden relation between the different forms of en- 
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ergy, will never attract the utilitarian workers, and tnnst I>e solved, 
if solved at all, by those who work for the love of science, with- 
out hope of pecuniary reward. But we mnat not fot^et that titere 
is much in science that has a pecuniary value and that there will 
be a hundred workers with the less noble motive, where there is 
one who has no thought of pecuniary gain. It does not do to Bay 
that these workers are only promoting the application of science. 
"Science," says Herbert Spencer, is " classified knowledge," and he 
ivho adds a new fact to an already recognized class, or who de- 
velops new relations between phenomena, enabling as to predict 
results which before conld only be arrived at by means of experi- 
ment, is advancing science, even tliOQgh all were done in the puT- 
enit of gain. The work done is the same, whatever the motive 
that led to the doing. It is my purpose in this addreus to point 
out some of the good accomplished by the utilitarian workers and 
to consider what may be done to render snch work more effecUve 
in producing results of scientific value. 

Jhfany of those recognized as our foremost scientiQc workers 
have not given fVeely of all their work to the world. I find, in 
looking over the patent records the names of Sir William Thom- 
son, W&rren de la Rue, and other physicists, who have applied to 
the patent office for protection in the use of what they have dis- 
covered. Sir William Thomson, under date of February 20, 1858, 
claims the fall of potential method of testing for insnlation, aa 
the specidcationB have it, " by communicating a charge of eleo> 
trioity to it [a telegraph wire] and then leaving Ix>th ends insulated 
and some part of it connected by a conductor with an instrument 
for electro-etatic potential." Also by comparing its resistance to 
the flow of electricity fi-om a constant source, with the resistance 
of a standard coil to the flow of electricity fi'om the same or other 
constant source; the test of a submarine telegraph wire while 
laying it, the indicator of the galvanometer being suspended "by 
a stretched fibre passing through its centre of gravity ;" the use 
ef " a double bifilar suspension for the indicator of any electrom- 
eter, galvanometer, relay," or other testing instruments; using 
the suspending filament as a conductor, or conducting the elec- 
tricity to the suspended body by means of a wire dipping in a 
conducting liquid ; the use of thermal effects for recoi'ding tele- 
graph signals ; the use of photography for the same purpose. 
He claims also a method of transmitting messages between one 
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or "more condactore and a different number of condnctors:** 
" several sending keys in branches connected to one cable are 
locked BO that they can be need only one at a time and succes- 
sively in a certain order ;" " at the receiving station the letters 
roust be read off and allotted to words in the same order," — a 
system of multiplex telegraphy that does not seem to have been 
very generally adopted. In 1860 he patents " a form of Dan- 
iel's battery, in which the two liquids are connected by a siphon ;" 
also the trough battery. In 1867 he patents an induction map 
chine, in which metal carriers, attached to the rim of a vulcanite 
wheel, touch lightly aa the wheel revolves upon springs attached 
to conductors. In these we recognize some of the best known in- 
struments and methods of the physical laboratory. 

In later years. Professor S. P. Thompson and Professors Ayr- 
ton and Perry have patented improvements in telephones, electric 
measuring instruments, etc. In this country, without multiplying 
examples, we find that Professor Mayer, of Hoboken, has patented 
a " topophoue," and that Professor Bowland, of Baltimore, has 
patented a method of casting metala and a method of grinding 
screws. No one considers that the scientiSc work of Sir William 
TbemsoQ and the others named is of less value because they have 
tried to reap from it the pecuniary harvest that it should legiti- 
mately yield. If the pursuit of wealth were to absorb all their 
powers, ir the pursuit of science had no charm for them, except as 
it gave promise of pecuniary reward, then indeed we should have 
cause to mourn. 

On the other hand, we have cause to be thankful for the contri- 
butions to science by men who have devoted tbeir lives to com- 
mercial pursuits. Dr. Werner Siemens, of Berlin, and Charles 
Siemens, of London, have ftom time to time made most valuable 
contributions to our knowledge. They gave us the shuttle arma- 
ture for tiie magneto -electro machine. Wilde, another business 
* man, showed us how enormously powerful machines, which were 
the wonder of their time, could be made by using the current from 
a small Siemens armature to energize a large electro-magnet be- 
tween tbe poles of which a second, larger Siemens armature, was 
made to rotate. Siemens then showed us the regenerative princi- 
ple applied to the electro -magnetic machine and paved the way for 
the modern dynamo. His paper describing this was presented to the 
Boyal Society, February 4, 1866, and he was allowed a patent for 
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it J&DDary 81, 1867. The deecriptiOD in tbe patent, irhich is &!• 
most the same as in the Royal Society paper, is as follows : 

"In the electro-magnetic apparatus which carries out tbe method 
of this invention, rotary motion is imparted to the armature tQ the 
opposite direction to that in which it would move consequent on 
an electric current passing round the electro-magnets, and a gal- 
vanic battery being momentarily inserted into the system, or a 
magnetic impulse being imparted in any other way to the arrange- 
ment during rotation, an increasing electric current is developed 
in the coila which soon becomes a powerful current available for 
practical purposes." It will be seen that this contains tbe com- 
plete statement of tbe reversibility of the electric motor which 
Faccionotti only failed to enunciate because he did not know that 
his maciiine as a generator could be made to magnetize itself. 

The work of Hopkinson and of Kapp, in developing the meth- 
ods for predetermining the characteristics of a dynamo, is impor- 
tant scientific as well as practical work. Hopkinson has also ad- 
vanced our knowledge of the theory of alternating currents, and 
has shown how to take account of the difference of phase between 
the waves of E. M. F. and current, in experiments to deterinine 
the energy developed. Elibu Thomson has shown that in con- 
sequence of the lagging of the waves of an induced cnrrent, the 
secondary coil of an induction system is always repelled by its 
primaiy, and he has constructed measuring instruments and alter- 
nating current motors based on this fact. Hundreds of other in- 
stances might be cited, of substantial contributions to science by 
men engaged in commercial pursuits, not only men like Siemens, 
Froetich and Hopkinson who have had a scientific training, but 
others, without such training, have by intuition or good fortune, 
while groping in the dark, discovered treasures that were hidden 
to those who carried the light of science. It is inevitable tbat 
mnch that is of scientiSc value must be done by such men. 

This is the age of invention. One has only to look at the li- 
brary shelves containing the publications of the patent office to see 
how very rapidly inventions and, presumably, inventors, have 
multiplied. If we measure tbe yearly volumes of the index to the 
names of patentees, we Snd in those from our own and from tl)e 
British patent offices, a continued increase in thickness which 
since lti82 has been very rapid. This may look like measuring the 
growth of inventions by a foot rule, but I believe it is a fair in- 
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clication of vbat is going on in th&t direction, and, if inventions 
multiply In tbe next ten years in tlie same increasing ratio tliat 
tliey have in tbe last five. It vill be neceeaary to use some sucb 
summary process to obtain any general view of the subject. An 
examinatiou abows that the great increase in the number of pa- 
tents in tbe last few years is largely due to the rapid progress of 
inveutioDB involving applications of electrical science. In tbts 
direction alone, inventions and inventors are numbered by the 
hundred, and it is lamentable to see in bon many cases supposed 
inventions are based on totally erroneous ideas, and in bow few 
cases the inventor Is guided by scientific knowledge. 

Now I consider that every new tbing, involving the application 
of scientific principles or truths, is a distinct advance in science 
itself. We knew before the days of Watt of the pressure of 
steam and of the power to be obtained by its condensation, but 
would any one dare to say that scientific knowledge has not been 
advanced through Watt's invention ? Faraday has taught us tbe 
general facts of current induction, but was it not a step forward 
when Wilde showed ua that by using tbe current from a small 
magneto machine to excite an electro magnet, the effects of tbe 
little magneto could be multiplied many-fold? And did not science 
move forward another step when Siemens showed us the regenera- 
tion of the magnetism of soft iron by means of the current devel- 
oped through its own agency? And was there not a little advance 
when Bell showed us that the tittle currents developed by tbe in- 
finitesimal vibrations of an iron plate in a magnetic field were ca- 
pable of exciting in another plate in a distant instrument, similar 
vibrations that tbe ear could translate into spoken words ? Can we 
say that all these uses of magneto-electric induction were included 
in Faraday's discovery and that these are obvious applications 
that in no way help tbe cause of science? No. Science acknowl- 
edges tbe debt it owes to men like Watt, Stephenson, Siemens and 
a best of otbers, who, in developing the applications of science, 
have brought to view new facts or presented to us old facts in a 
new light. And if tbe army of would-be inventors could enter 
the field with a fiiU knowledge of what science has already done, 
the conquest of new territory would be still more rapidly accom- 
plished, and not a few ofthose whose names would be remem- 
bered, would be found to bave come up from the utilitarian ranka. 
And this brings me to the question which is tlie real subject of 



n,g,t,7rJM,GOOglC 



74 BSCTIOK B. 

tiiis address. What can be done to render the work of those en- 
gaged in commercial pnreuita more userul to science? 

It is of the highest importance id a scientific point of view as 
well as from the point of view of prepress in material wealth, UuU 
the principles and details of science shoald be spread broadcast. 
The grand truths of physical science should be the familiar talk of 
every school boy. Such doctrines as the conservation of energy 
should be inculcated by pointing out in the lowest sobools the ng- 
nificance of familiar facts. Not only boys but girls shoald r»- 
ceive such training in order that tbe great truths of nature may 
become the heritage of future generations and be taught to the 
child fl'om his earliest infaucy. Very young children can appreci- 
ate the principles of physical science. I have in mind now a Utile 
boy of five years whom I have met this summer, whose fhther 
has a milt and machinery in operation, and whose mother is one 
of those rare women, gifted with a natural insight into physical 
laws. Partly by being about the mill, but mainly by his mother's 
teaching, this boy has learned tbe principle of the advantage gained 
by the lever ; he knows bow to reeve a pair of pulley blocks, aad 
knows that the greater the advantage gained, the longer it takes 
to raise a weight. He knows that the pressure produced by a 
head of water is greater the larger the area pressed ; and though 
be could not formulate tbe law of equivalence of energy, he /eels 
that equivalence between the energy he expends on the long end of 
the lever and the work he accomplishes at the short end. This 
shows how, with natural gifts and proper early training, even a 
very young child may acquire a working knowledge of physical 
principles, and it is evident that a properly conducted education 
In the schools would develop from such a child a man who, if he 
should turn his attention to pure science, or to Inventions in ap- 
plied science, would avoid the mistake of trying to accomplish the 
imposfilble. With such an education for both boys and girls tbe 
number of such workers would increase, and each generation would 
fhmish more and more material out of which such men could be 
made. Wliat can our schools do to help in this education ? Science 
now has but small place in the lower schools, and, when tbe matter 
of finding a place for it is broached, it'is claimed there is no time. 
But how is the time of the pupils occupied? Besides the reading 
and writing, arithmetic, grammar, and geography have the most 
prominent places. Children of teu or twelve years are expected to 
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recite glibly the rules of grammar and to know the locality, and, 
pertiaps, the number of inhabitants and chief products of twenty 
to a hundred towns in each state of the Union. I remember how 
I, aa a yonngster, learned that " a verb is a word that expresses 
action, being or state." Action conveyed some definite idea to 
my mind, perhaps, bat my idea of " being" came from the Sunday 
school, and of " stale" flrom the geography. Then I learned that 
*'the nominative governs the verb in person and numberj" or, as we 
recited it in concert, in loud voices, "the nomi'tive gov'ns the verb in 
peraon 'o' number." What the nominative was and how it governed, 
who the persona were and how many of them, were mysteries to 
as. Our ideas of govemment were derived mainly from a big 
rnler, with which, sometimes, formal punishment was administered 
in the shape of one, two, three, or four blows on the palm of the 
band, but as often it startled us by coming down on our knuckles 
at moat unexpected times. The study of grammar is well enough, 
but it should be one of the last subjects for the boy to take up. 
He should study language by reading authors, not by burdening 
his mind with rules that to him have no meaning, and can have 
none till he has become familiar with language by its use. A 
month at eighteen will do more to give a knowledge of grammar 
than a year at ten. A noted writer on English literature said 
to me, " Volumes have been written upon the use of the sub* 
junctive mood; but what is the use of rules F one must fed the 
subjunctive mood in order to use it properly." 

Geography should be taught to give familiarity with the use of 
maps, and to impart a knowledge of the form and size of the earth 
and the general form of the great divisions of land and water. Be- 
yond this, the geography should be a book of reference. As soon 
require the child to learn the dictionary by heart as to learn the 
names and localities on the map of all the little capes and headlands, 
rivers and lakes, and cities and towns, with which the minds of little 
children have been burdened. Indeed, I should state it as a gen- 
eral rule that, in the study of any subject, facts should be taught 
to children only for use in subsequent studies, or to point out and 
enforce important principles. The same rule would apply to 
the applications of a subject. Except as they help to elucidate 
the subject, applications should be left to special schools or classes 
where professional training {s the object. " Interest," " dis- 
count," " parUal payments," etc., should be cut out of the arith- 
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metio and given as part of a basiQeBS training. I welt remember 
how I, aa a boy of twelve or thirteen, puzzled over the " United 
States rule," the "MassachnaettB rule" and the " Vermont rule," f<« 
partial payments, and how perfectly plain and simple these seemed 
to me ten years later, although I had had nothing to do with the 
subject in the meantime. At a ■' Regents' examination" in arith- 
metic some years b^o, among the problems to be solved was one 
upon "partial payments." The solution was long and tedioua, 
snd, in a majority of cases, for that reason was omitted. At the 
next examination, a similar problem appeared among the first in the 
list of questions, and the pupils were informed that they must 
solve the problems in their order. It seemed to be the object to 
determine, not whether the boya and girls knew arithmetic, but 
whether they were qualiQed to take positions in banks or counting 
houses. If such purely technical matters are to be included in 
arithmetic, then every pupil in anatomy should be taught to set a 
bone or amputate a limb, every student of chemistry should learn 
calico printing, and every student of physics should learn to pro- 
portion a dynamo and lay out the wiring far an electric light 
plant. 

Compared with these technical applications of arithmetic, these 
thousand and one rules of grammar, with all the exceptions, and 
these localities of the rivers and brooks, and towns and villages of 
Australia or Central Africa, the primary facts and principles of 
physics seem to me of transcendent importance in the education 
of the children. Their earliest experiences have to do with grav- 
ity, heat, light and sound ; and harmonic motion begins to upset 
their little brains as they rock in the cradle. Never are they re- 
moved from the action of physical forces, forces upon which we 
depend for life and strength, as well as for our comforts and pleas- 
ures. What more important for the child to Study? What can he 
study so intelligently and to so good purpose? Why should he 
go to the ends of the world to find some little village to name 
and learn its locality, when the name and locality teach no lesson 
except that such a village exists 7 

Let us then make a place for physical science in our lowest 
schools and give to every pupil, every boy and girl in the land, 
some knowledge of physical forces. Above all, let the lesson of 
conservation of energy be drawn from the various familiar cases 
of its transformation. Beginning with the lowest schools, the 
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study of physics should coottnue through the higher grades and 
into oar collies. Id short, it ehonld continne through the whole 
of a "general" education. Beyond that, it should be possible 
for any one who wishes to do so, to continue the study to the end 
of hia college or university course. Having found a place for the 
study of physics in the primary schools, how shall It be taught? 
First, I should say, by calling attention to familiar facts and 
pointing out their significance. Why does a heavy body fall rap- 
idly and a feather slowly? Why does wood float and iron sink in 
water? The signiBcance of such facts can be brought out by re* 
sort to simple experiments. The pupil can feel the resistance of 
the air to the motion of a fan, and he can be shown that iron floats 
on mercury. The instruction should consist in directing the 
study of facts and things, ir a book is used, everything should 
be verified by observation or experiment. Very simple apparatus, 
only, is needed to provide for such instruction. In the higher 
grades of schools more elaborate apparatus should be provided, 
and phenomena that can only be produced by experiment should 
be studied. Laws, like the laws of falling bodies, of the pendu- 
lum, Boyle's law, the law of expansion by heat and of reflection 
and refraction of light should be discussed, and illustrative prob- 
lems given for solution. Up to this point, at least, physics should 
be taught to every child. Here, probably, a majority of children 
would leave school altogether, but the training they will have re- 
ceived will do much to elevate the general intelligence of the peo- 
ple of this country in regard to physical phenomena and laws. 
For pupils who continue through the high school and collie, pro- 
vision is now made for instruction in physics ; and this, based up- 
on such early training as I have suggested, could be made far 
more efficient than it is uow. I do not know that I have made 
myself understood in this address. I feel convinced that we must 
depend for the rapid advancement of physical science upon the 
education of the masses. In this country, men devoted to science 
purely for the sake of science are and must be few in number. 
Few can devote their lives to work that promises no return except 
the satisfaction of adding to the sum of human knowledge. Very 
few have both the means and the inclination to do this. Most of 
US ore dependent upon salaries, and a salary binds us to service 
which, unfortunately, does not, in this country, usually mean sci- 
eutific research. Those who can devote themselves to research 
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can be trusted to embrace every opportunity to prepare tbeok- 
selveB for the work and inform themBelvea of what has been done. 
The fields that give promlae of pecnniary reward hare, however, 
attracted men poorly prepared for the work they have andertaken. 
Without mathematical training, withoat a knowledge of what sci- 
ence has already acoompliahed, they have apent precious time and 
large sums of money in reaching results, which a little acientiBc 
study would have taught them in the l)eginniug. 

I consider that the organization of oar schools is largely to 
blame for this state of things. Let us require that science, and 
especially physical science, shall be studied fVom the primary 
schools, and we shall soon find in the great army of atilitarian 
workers, in place of the very few who have done good work in the 
past, numbers of men fully qualified to begin at the farthest point 
reached by science and push their work into new fields. In pro* 
moting the applications of science, they will advance science it* 
self. Even if no new facts were discovered, or new principles 
demonstrated, they would furnish to scientists new instruments 
and means of research. In another way commercial interests help 
science. With the hope of reaching remunerative results, experi- 
ments are tried by commercial companies on a scale and at ao 
expense, that could not be compassed by the physicist. What re- 
sults might be reached if such experiments were always directed 
by scientific knowledge I I think the importance of this matter ■ 
sufficient excuse for occupying your time with it. I have urged 
here the importance, from the point of view of pare science) of 
science- teaching in our common schools. As much, and per 
haps more, might be said from the point of view of the materisi 
prosperity of the country. This Asso<nation has, therefore, every 
advantage In urging the question of science-teaching upon the 
school boards. 
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Mkaborrmkht or sdrtacic tbksioit of uqniDs. Bj FrofL W. V. Maqtm, 
PrlnceCon, New Jersey. 

lABSTRAtn.l 

Thk alms of tbe inveatigatloa here presented are : 1. To obtain acconta 
melliocLs of metsarlog snrlkce teoalon ; 2. To compare the reaolts derived 
from dtfTereuc methods with the rlew to deterralne whether or not tha 
contact angle of a Ilqnid with the solid whtch It wets Is Invariably zero. 
The plan of this comparlaoD was presented to the section at the BalTlilo 
meeting. 

A method of measurement, which yields ver; consistent resnlts, con- 
sists In meaanring the distance between the lower anrface of an air bub- 
ble formed under a large concave lens Id tbe llqnid, and the horizontal 
plane of greatest section of the babble. The setting on that plane Is 
made by setting npon the Image of an lllamlnated allt reflected from the 
Borf ace of the babble at that part where the tangent Is vertical. The aet- 
ting on tbe lower anrface is made by setting on the end of a pointer 
bToaght In contact with the onder aarfhce. Tbia method ta Independent 
of the contact angle. 

AuoUier method devised cooslsta of meaenrements similar to the pre- 
ceding made npon a colnmn of llqald lifted from the snrftice of the llqnid 
by means of a vertically moving convex lens. 

Measarements upon water were mide bj the Drst method and by a 
method described by the anthor In the Am. Jonr. of Science, Vol. zxxi, 
March, less. Tbe results for tbe capillary coniitant a* were respectively 
16 26 and IS.IS. These reanlta differ by more than the probable error of 
either, and Indicate a contact angle for n-ater of 12° 2S'. Using this 
valae for the contact angle and the valne of a* given by the first method, 
the valne of a', that ahonld be obtained from the ordinary method of 
meaaarement by the nse of capillary tnbea on the assnmptton that tha 
contact angle is zero, was shown to be 14.90. The result usnslly given as 
actually measured Is about 14.80. 
For absolnte alcohol, the flrst method girea a* » G.6T6. 
A method described by the author In WIed. An. xxv, 121, which Is In- 
dependent of the contact angle, gives a* = 6.859. 

The second method which was used with water gives for alcohol 
a* - 6.809. 
The ordinary method by the use of capillary tabes gives a* = S.SOfi. 
There la no Indication of a finite contact angle from these resnlta. 
(78) 
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The discrepancy of the value glveD b; the flrst method from the othert 
vae probably due to the taxt that the measnremeDte made b; It did not 
iuvolve any prolonged exposure of the surf&ce to the atr. 



Betbrmihation of thb invabiabilitt of the coSFPlciBNTe of kkpak- 
siON OF Bjuly's mrtal, of Jbsbup'b stbrl and of Chance aki> 
Sons" glass bbtwskn the limits of— 8" and +98" Fabebkheit, 
Bj Prof. W«. A. BoQBRS, Waterville, Me. 

(ABSTRACT.] 

Tbb observations upon which the result snuonoced In the title of this 
paper depends, extend rrom Dec. 18, 1886 to Jul; 8, I88T. The yard ^r»a 
taken as the standard of comparison and the particular standards em- 
ployed were: (o) a combined yard and meter, standard of 62.0" Fabr., 
npon Baily's metal, designated Rg; (b) a combined standard yard and 
meter upon a bar of Jeaaup's steel, designated Ri ; (c) a coml>lned yard 
and meter npon glass, graduated and Investigated by the writer for the 
Standards' Department of the British Board of Trade and designated O. 
Comparisons were made with two yards npon this bar. The flrst, deslg* 
uated Gft, has defining lines about 2 mikrons in width and the second des- 
ignated Go, has defining Hoes about 6 ralkrons In Width. This glass was 
made by Chance &, Sons io 1870 under a Special order from the Stand- 
ards' Department. 

The comparisons are divided Into groups of 20° each, and the plan of 
procedure was to obtain a sniQcient number of comparisons In each series 
for a safe determination of the coefflcleuts of expansion from each series 
independently. The unknown errors of the thermometers are thus, to a 
certain extent, eliminated, since In the thermometers employed there are 
fen departures from s scale of uniform corrections. 

The observations have all been made near points of time In the day des- 
ignated the critical point of no variation of temperature. Special patita 
have been taken to obtain an equal number of comparisons at points almve 
and below this critical point. Advantage has been taken also of the f^w 
occasions la which a steady natural temperature was maintained for sev- 
eral hours at a time. A large share of the comparisons, however, were 
made sbont half an hour after sunrise. The critical point which occurs 
in the afternoon was found to be far less safe than that which occora in 
the early morning. 

The following are the general results obtained from the observations : 
(a) Independent result* from each group o/iO°. 

The results are given in divisions of ths microineter In which one divi- 
sion = .0S67P. 
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Tempen- 


DIFT. 


R.-B. 


Dvr. 


RBU- 


B,-0. 


Dirr. 


Ett*- 


H.-Q. 


DlfF 


RBLI- 




DiT. 


DlT. 


DlT. 


DlT. 


DlT. 


Wt. 


Dli. 


DlT. 


DiT. 


DiT. 


*.te 




-Ke.B 






-1M.0 






-KF7.I 






IS.M 


II.OS 


-888.1 


68.7 


B.ai 


-a«.t 


91.S 


B.ia 


-174.8 


«.o 


8.11 


se.a5 


IO.M 


-S3S.S 


W.l 


B.KI 


-106.1 


sa.s 


S.1B 


-<B0.a 


81.1 


B.<» 


sa.M 


S.U 


-174.7 


S8.1 


e.ii 


-t».a 


TB-a 


7.H 


-*«.* 


77.1 


8-11 


45.1S 


V.S( 


-llt.S 


».« 


■.M 


-11B.S 


n.* 


7.81 


— IW.fl 


71.8 


7.66 


M.sa 


e.34 


— K.8 


S9.D 


B.SS 


-a>.> 


ia.e 


8.M 


-«.o 


76.8 


8.10 


MM 


10.« 


4*.* 


IG.l 


B.M 


+».T 


B7.e 


8.11 


+«,8 


87.8 


8.U 


TS.II 


lO.ST 


+73. S 


83.9 


«.n 


+8».i 


B4.S 


8.17 


+-10S.1 


S1.8 


B.U 


fS.<» 


».ee 


+-1».» 
Keuia 


M.ll 


B.M 


fl87.l 


77.« 


78S 


4-lM.B 


78.8 


7.77 









It will be Been IVom a comparison or tbe valaes of the coEQIcleDts, that 
there Is no evidence of either a Bjstamattc Increase or dlmlnatlon Id the 
relative Taluee between the broose tbe Bteel and the glass. The approach 
to constancy la as near aa could be expected, when the Inevlublo acci- 
dental errors of observation are taken Into account. 

(6) Btmlts obtained from groHp* of tea eon^ritom and r^erred 
totbtmtaa Umptrataret BSM" aadiS.ei". 

In the following table the residuals J, for (Ri— Rt}.(Bj— Gb) and R3— Gb) 
between the limits r— 1.77° aud t — GLIT" are reduced to the mean tem- 
peratnre Sit.S6° by means of the provisional value of the relative coEBI* 
cient 6.17 d\v. for Bi — Rs and of 8.09 div. forHi — G. The valnes of J 
between the llmiu 7=65.970 andr_80.e»° are redaced to 73.84° by 
means of tbe same coGQIcleDtB. 

The eolation of the equations of condition formed fK>m the results given 
above, gives the following results : 

SbribsI. Series 11. 

Coefficient between Ra and R| Coefficient between Ri and R( 

= _6.I7— 0.02 = — 6.19 diT.= — —6. 7 + .096 — — 6.076 dlv. — 



8.509 ;<. 

Coefficient between B9 and G* 
■= —8.09 + .09* — — 7.996 dlv. — 

— *.638;U. 

Coefficient between Bj and Gb 
= — 8.09 + .088 — — 8M>S dlv. — 

- i.6*8.''. 

A. A. i. B. TOL. XXXVL I 



— 8.414 . 

Coefficient between R9 and G« 
= — 8.08 + .082 =— 8.058 dlv, — 
— 4.669*^. 

Coefficient between Bg and G^ 

— — 8.09 + .076 — — 8.014 dlv. _ 

— 4.644/1. 
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The roUonlng vilav of the absolute coElBetentB for Bt U kdopUd, viz. : 
17. IT f for each dej^ee ceDtlgT&de foroDe meter — S.72Sju for etkcta degree 
Falir. for one yard. Heace : 

Coeff.ofRt from Series I — 5.213 ;i Coeff.orOi ftoni Series I = 4.1S9A 
.. .... .. .. n = B,278A " " " " *' 1I-.4.16S;' 

CoSff. or Gb from Series I — 1.179/1 
" " " ■' " 1I=-4.I78A 
As ntr oa these observaClonB ere concerned, when combined fn the man- 
ner indioated, tbe steel bar shows a slight Increase In the valae of Its co- 
efficient with respect to R, for bd Increase of the temperature, while the 
glass bar shows a slight decrease. The dllTereQce in either case lA less 
than tbe correction due to accidental errors of obserratlon. 

The solution of eqnations of 'condttlons formed by combinations Into 
gronps of flve valnes each, gives : 

Relative cofiff. bet. B, and R^ — —6.17—0.038 — —6.303 dlr. ^ — S.G17;i. 

Relative coeiT. bet. R, and G. — —8.09— 0.017 ——8.107 dlf. =—4.696;.. 

Relative coOlT. bet. R, and Gb'^— 9 09— 0.014 = —8.104 div. = —4.695/1. 

Hence for the absolnte coEOlcIents we have : 

B* — G.206;:i. 

G, — 4.126/i. 

Gb ==4.127;:i. 

CoDTsrtlng to centigrade and from the yard to the meter as a nclt 

Ri = iO.S46;i tar one meter. 
G, ■" 7.427 ft for one yard. 
Ob = 7.429 1^ for one yard. 
From the Proceedings of the American Microscopical Society for 1S85, 
page 157, we dnd from observations made and published long before the 
present series was commenced (and Trom the Proceedings of the Ameri- 
cui Academy of Arts and Sciences for 1882, pag^ 8S6) that : 
The coefficient of Rg — lO.SGO f for one meter. 
The coefficient of O = 7.400 for one yard. 
The vertflcation of the constancy of Che coefflclenta (br bronse, steel and 
glass, seems, therefore, to be completely established, not only as regards 
the temperature, bat also as regarda the age of the metals employed. 



DBTUtMINATlOM OT TBK C0EFFICIXHT8 OF KXP1K8ION OF THB GLASS PLATU 
L'BBD FOR STBLLAR PHOTOORAPHT AT COKDOBA IV THK TBARS 1872 TO 

1S7S AMD 1879 TO 1883. Ry Prof. Wm. A. Roqeus, WaterrlUe, He. 

[abbtraoi.] 

Tbk fbllowing determination of the coefficleots of expansion of the glass 

plates nsed by Dr. Oould In his photographic observations at Ck>rdoba 

depends on comparisons of a de<dmeter traced npon two specimens of the 
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glass aeat to me for this iBrestlg&llon, with the foUotrlog standardB of 
length, tIz : 

(a) The flrat decimeter of my sUttdard meter opOD Baily'a metal and 
designated B . 

(6) Tlie first decimeter npoo mj sUtodard meter apon Jeesap's steel 
deslgDated R|. 

(c) The flrst decimeter apon a ataodard meter upon glaas belonging 
to the Staadards' Department of (he Brltlah Board of Trade. It Is desig- 
nated 6. 

No palos were taken to make the transfbre very exact Inaemnch as the 
object was the determination of the lavr of expansion rather than the ab- 
solute lengths of the transfers. 

Ttie observatlous, sixty to number, extend from March 17 to Jnlj 10, 1887. 
An obeerratlon Is to be anderstood as a compartaon, coaslstlng of eight 
readings, of the two decimeters upon the glass selected with the decime- 
ters Ri, RaandO. The values Hg— (1), B|— (t), O- (1), represent the 
difference In length between the decimeters Ri, B« and G, and the decime- 
ter opon specimen number (I) which represents the kind and qnallty of 
glass nsed between 1673 and 187S. The resldaals Rg — (2), Rj — (2), 
G — (2), resalt from similar comparisons for the kind and qnallCy of glaas 
used in the series of photographs made In the years 1879 to 188S. 

The following are the equations of condition formed by the sabetltntloa 
of the observed data In the equation, 

J — a-t-(62.0» — r)6 
In which 

J = the observed values R«— (1), Rg — (1), etc. 

a ^ the difference In length between Ri and (I), Rt and (1), etc., at 
62.0° Fahrenheit. 

b = the relative coefficient of expansion between (1) and the selected 
standard decimeters for each degree Fahrenheit. 

The following normal equations result from the solntlonof six equations, 
each equation reaaltlng from ten observations. The known terms are ex- 
pressed In terms of divisions of the micrometer, the value of one division 
being 0.(GTa. 

BiwUh(I) 
6a + 100.19 &—-1-82S.3 
100.19a -I- 4056.8 &~ 4-8864.6 

b,^ — 0.087 div. 
a = -t-68.7dlT. 

B] with (3) 
fla-H 100.19b ^ + 183.9 
100.19a + 40G6.8 b ~ -f- 123.3 
b — 0.903 dlv. 
a <- -I- ie.7 



n,g,t,7rJM,GOOglC 



Bi with (1) 

. . . + 890.S 

... + fi97i.l 
..._ — 0.28Sdlv. 
...-+69.KUV. 
B) with (a> 

... +260.1 

...+8494.9 

... — 0.288 dlT. 

...+ 48.fi 
OwlthCl) 

. . . + 278.4 

...+4BS2.9 

... — 0.028 dlT. 

...+4fl.7dlr. 
O With (2) 

. . . + 13C.2 
■... + 2107.0 

... — 0.073 

. . . + 28.9 

The tbllowlDg v(tla«s bti*e be«ii Adopted for the absolute coBIBcleDts at 
K], ICt and 0, Tor eftch degree Fahrenheit and toi the length of one decime- 
ter. [See Proceedings of the American Microscopical Society for 183C, 
pagelGT, and Proceedings of the American Academy of Arts and Sciences 
for 1882, page 88S.] 

Coefficient of Rj one decimeter m 0.9S4 /i 
Coefficient of R] " " =0.S70/i 
CoeiBcleatofG " " = 0.447 ;. 
Giving to the comparisons with Rt a weight of 1 and to those with Bt 
and G a weight of 3 each, we hare the following flnal revolts i 

CoencI«ntor(l) weight Coefflulent of (3) weight 

From R} 0.460 /i 1 0.443 ^ 1 

Rl0.48S^ 8 0.409 8 

Q 0.4Sl;i S 0.406 B 

Adopted Talne of (1) •- 0.488 p. Adopted ralne of (2) — 0.419 p. 



A 8TUOT OV THIBTY-TWO KERCURIAL THBRtfOHBTXRB UTTDRR TABIATIONS 
OF TBMPHUTUltB BBTWXBM TBI LDinB — 29' AMD +9fi° FAHRRKBUT. 

B; Prof. Wu. A. BooKfte, Waterville, He. 

[ABSTHAQT.] 

This Inreattgatlon was undertaken fi>r the pnrptjse of establishing tbe 
real values of the corrections to be applied at very low temperatnrei. 
Thirty low temperatare thermometers of the signal serrlce pattern hare 
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already been compared with the two scnslUre sUndarda belonging to tbe 
writer atuce Jannary of the present year. The total oamber of comparl- 
Bons thus fftr made is a Itttle over 18,000. A large share of the compari- 
sons b»Te been made with the aid or a telescope of two Inches aperture. 

After Uie correction for calibration for each of these thermometora has 
been applied, It la expected that the mean correction for the entire series 
will contain only the error dae to the departare ot mercary from nnlform 
expansion at very low temperstnres. In order to ascertain the value of any 
correction of this kind which ma; exist, the changes in length of a column 
of mercnry, one meter Id length and having a nearly uniform diameter of 
seven tenths of a millimeter, will be determined for extreme rarlatloas of 
temperate re. 

It Is expected that the series of observations nndertaken will be com- 
pleted In March, 1866. 

A HKTHOD OF ooMPARnra GALviNOMCTitR COILS. By Dr. Joseph J. 
Skimnek, Haas. Inst. Technology, Boston, Mass. 

[ABSTRlOr-l 

The two colls to be compared are Astened together concentrically, and 
with their mean planes aa nearly as can be Jndged coincident and In tbe 
meridian. A magnetic needle Is bnng in tbe common axis at a measnred 
distance froni a point of reference made by cross threads at the common 
centre of the colls. A divided current Is seat through the colls In opposite 
directions, and a resistance In one branch Is adjusted till the carrenta pro- 
dace a nnll effect on the needle. The resistances of the coll circuits are 
then Immediately measnred. The rigidly connected colls, with the at- 
tached cross threads, are next turned tbrongh 1S0°, and the distance from 
the point of reference to tbe needle made exactly the same as before. 
The divided current Is again adjusted to give a nnll elFect on the needle, 
and the resistances of the coil circuits are again measured. 

If the mean plane of a coil be deflned as a plane such that at equal and 
large distances en encb side at It In the axis, a magnet needle will be 
equally deflected, lei z and g denote the small and unknown errors of po- 
sition, or tbe dlstan(»s from the respective mean planes of the coils to the 
assumed central point of reference, let B and JIT denote the mean radlua 
and the number of turns of nire of the flrst coil, and r and n the corres- 
ponding quantities of tbe second, let Cand c denote the currents In the 
respective coils in their first position, (? and c'the currents In the second 
position, and s the distance from the central point of reference to the 
needle ; tbe paper dedaces tbe following approximate equations : 
Ttr'n — 

-* • «*'* ,» je. 1 « *v r 

> + «• !■(«' + «•)■> ■»•+ r»^»(»' + '-')*^ 

,. ... f8) 

0- r*n(«' + Ji')* j 5 a Siy j. . . (10) 
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When It Is knowD that x itDd y are extremely small, the ternu cont^n- 
Ing them can be dropped from eqaatton (9). If Ji aod JVate known and r 
can be measured ■pproxlmately, eqaatlon (9) then enables as to calenlate 
tbe total area, xr^t, of one coll, In terms of the knovrn elements of the 

Q 
other, first multiplying the right hand member of eqoatlon (9) by —, where 

Qls the foTce-correctlon at the needle doe to the section of the coll whose 
radlns Is B, and q the corresponding correction for the other coll. The 
ctareat ratios are known Troa the measured resistances. 

If X and IT are large, It will be shown by a large observed valne of the 
left hand member of equation (10). In this case eqnatlon (9), disregard- 
ing X and V, will BtlU give an approximate value of r'n. A complete new 
set of observations ts then made, with a different vatne of e. The results 
of the two seta of observations, snbstltnted snccesslvely In eqnatlon (10), 
with the approximate values of r aud t'n, give two equations of the flrst 
degree tna; andif, n^mwhlchtheselattermaybefoDnd, and, being known, 
they may be used in equation (9) to get a closer approximation to izt'ti, 

Tbe paper shows that, If r la liable to uncertainty, rather large values of 
s are best for flndlug irr*n ; also that even if r be liable to uncertainty, bat 
If It be posaible to measure e with snfflclent accnracy, the value e — i tY—- 
wlll be best for finding n. 

Tbe method la illustrated by an account of several sets of observations 
on a pair of colls in the Laboratory of the Mass. Institute of Technology. 

A general formula Is alao given for finding the poslUon of a plane be- 
tween two parallel and co-axlal coils of equal radios and unequal numbers 
of tnms of wire In Infinitely small sections, snch that at eqaal distances 
on each side of the required plane the force on a needle in tbe common 
axis due to equal currents In the wire of the two colls, shall be equal. 
For values of the distance between the colls small compared to the radios 
the distance of the required plane from the half-way point between tbe 
colls Is given as 

In which b Is the half-distance between the colls, and nt and n are the 
numbers of turns of nlre on the colls. 



On thr KLRCTROMOTrvx poncK op MAaNKTizATiOM. By Dr. Edward L. 
NiCHou and Wiluam S. Fkakkun, University of Kansas, Lawrence, 
Kans. 

[AnSTKACT.] 

If two electrodes of Iron or steel be submerged In a liquid capable of 
dissolving Iron and the free ends be connected metallically, permanent 
electric currents will be developed In the circuit thus formed whenever 
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the magnetic condition of tbe electrodei dfDbrs or wbanever th«f are sit- 
uated Id ma^etlc flelds of Dneqaal Intenelt;. 

Th« electromotlre fbrce to wbicb Cheae cnrrsntB are dua we propose to 
call, for n&nt of a better n&me, tbe electromoltve force of foagnetLeatton, 
Two dtfTerent, and we believe quite distinct, effects are comprised nnder 
ttilB term. 

Eflbct (a) Is prodaced by magDetizatloDoftheeleetrode. To tbts effect 
it Is not Msentlal that the reaction between tbe Iron and tbe llqnld take 
place wltbln tbe magnetic field. 

EtTect (6) occnrs when the reaction takes place wltblo the magnetic field. 
The carreats dae to effbct (a) have already been tovestlgated and described 
by l>r. Theodore Gross.' Tbe study or the Influence of magnetism npon 
the cbemlcal behavior oflron has led tbe present authors to the dlscovei7 
of tbe effect (6). A descrlpUon of their Investigations forms tbe substance 
of tbls paper. 

A variety of experiments were tried to determine the conditions of tbe 
rormatlon of these currents and tbe fbllowlng points were established.* 

(1). The E. M. F. dsveloped when one of the electrodes Is placed within 
a magnetic field is not principally due to structural change Id the maguo- 
tlzed electrode. 

(8). The E. H. 7. nnder consideration Is not that doe to magnetisation 
merely (eflisct a) botdepends npon the reaction between tbe Iron aud liquid 
oecnrrlDg within the magnetic fleld. 

(3). Tbe E. H. F. between tbe electrode within the fleld and that acted 
□pon by tbe same liquid ontslde of the field varies with tbe Uqatd Dsed 
from a very small qaantlty, much less than tbe one hundred tboaaandtb of 
a volt to several bnndredtbs of a volt. 

(4). Tbe £. H. F. Increases as a rule witb the strength of tbe electro- 
lyte j i. «., with the rapidity of the reaction. 

(S). TheE. H. F. Is very much greater where the result of the reaction 
Is a Terrlc salt than where a ferrous salt is formed. 

(6). The E. H. F. increases with the strength of the field althoagh not 
In direct proportion to the latter. 

(7). The direction of the current depends upon the position (with ref- 
erence to the Induced poles la the electrode) of the portion of the latter 
exposed to the liquid. Portions of the surface located near tbe poles of 
the magnetiied electrode become as tine In tbetr voltaic relation to the 
Iron not within the fleld, whereas neutral regions between the Indnced 
poles tend to become as platinum to an electrode outside of the fleld. 

(B). The E. H. F. depends npon tbe distance between tbe poles in- 
duced In the electrode. An experiment with two small bars of Norway 
Iron of dillbrent lengths but eqnal in cross section, tbe bars being placed 
la turn parallel to tbe Hues of force, the ends only exposed to the acid, 
showed the E. li. F. between tbe end of tbe bar and an electrode of simi- 
lar Iron oDtAlde of the fleld to be much greater for tbe longer bar (approx. 
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Imatel; proporttonal to the squares of tbe dlslsnoea between tbn induced 

(9). The E. M. F. between ad Iron electrode ft»d one of copper or plat- 
Idqid la modlfled, wbeD the cell la placed wlthLn the magnetic field, lo a 
manner Hlmllftr to that between iron electrodes. 

It follows from the above that when Iron isactedaponby acids orotber 
reagents In tbe magnetic field, local Toltalc action will occur between tbooe 
portions of the Iron wblcb become magnetic poles and tbe Intermediate 
neutral parts, the poles becoming as ilnc tbe neutral regions as jriattmum. 
To this local action are to be ascribed we believe those peculiarities ot 
chemical action In tbe magnetic field which formed the subject ofa r«cent 
paper, already cited. The power of magnetism to destroy tbe passivity of 
Iron In nitric acid to which attention was called In that paper, and which 
we have since treated at greater length elsewhere,* Is doubtless doe to 
these local c 



In February, 1863, while Investigating, at Berlin, tbe experiments of 
Colladon and Storm on tbe velodty of sound tbrongb Lake Oeuev«, tlie 
writer devised the following practical method of telephonic signalling be- 
tween ships at sea. Actual experiment upon the method was begun upon 
retam to the Dnited States in Jnne, 1683, and cootlnned to the present 
time. In the method, as outlined in 1SB8, steamships were to be provided 
with steam aonnd-prodnclng apparatus under water; tlie water would 
transmit the signals In all directions; specially devised microphonic 
transmitters attached under water to vessels were to connect with tele- 
phones within the vessels, and to take up the soaud out of the water; the 
transmitters forprotectlonwere tobeplacedln tabea opening to tbe water 
near the keel, projecting op tbroogh the boll and plugged at their opper 
ends to prevent tbe flow of water Into the vessel. Sailing craft, buoys, 
llghtbouses, etc., were to be provided with bells under water ; transmitters 
for small craft were to be cones, with membranes across their large ends, 
and with apices applied to the ear. Experiments were conducted on Taun- 
ton Rivet and Off Hewport, R. I., In 1883; on Long Island Sound In ISM; 
on tbe Wabasb River at Terre Haute, Indiana, In 188fi-86-87. Signals 
were transmitted and received from submerged locomotive bells from one- 
half to one and one-half miles, and under varying conditions of weather 
and of tbe water. Tbe first apparatus consisted of a modified Ader mi- 
crophone for transmitter under water with Bell receiver lu tbe vessel. 
With this, signals were received in I88S ftom a boat one-half mile distant. 

* Froeeedlnc* of Uie Kansas Academr of S^enoea, 1888-88. 
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Th« next transmttter nu slmpl; & diaphragm In roltnfc ctrcutt with ■ Bell 
receiver. This diaphragm was made of carbon grannies embedded in rob- 
ber cement. The diaphragm vibrations from the soond wares In tbe water 
produced rarjlDK pressares at tbe carbon contacts, which cansed the nn- 
dulatory current for the receiver. The next transmitters were constmcted 
or a vrooden diaphragm resting against buttons made of the abore de- 
scribed carbon granolattoa Id mbber or celluloid. These bnttons were In 
voltliic clrcDlt with an Induction coil and Bell receiver. All these trans- 
mitters received sound clearly out at the water throngh varying distances 
op to one and one-half miles. Probably with a source of sound londer 
tbaa a locomotive bell the distance would be greatly Increased. At pres- 
ent larger diaphragms are being made and here the experiments rest. 



SxpKtmmmL DsmMtKATiON of uiNnitiM vklocht or wind in ths 
Washingtok, Ohio, tornado. By Prof. C. Lao Mbbs, Athens, Ohio. 

[ABSTBACr.] 

Straws penetrated wood to a depth or ■^" - ^y impelled by tbe force 
of the wind In the tornado. The phenomenon was reproduced In the lab- 
oratory by means of an air current and tbe velocity of tbe straws measured. 
Beaolt I8S-I60 miles per bonr. 



Certain phekohx7(a pbodhcrd bt the kxplosiok ov qvw cottok oir 
MBTALUO PIRATES. By Prof. CHAiaEs E. Mumrob, U. 8. N., Torpedo 
Station, Newport, B. I. 

[ABSTKAOT.] 

A description was given of the resalts obtained when gnu cotton, upon 
which certain flgnres bad been produced, was detonated on Iron plates. 
TarloQS experiments bare been made to discover the cunae of these phe- 
nomena and several theories have been suggested to account for them. 
The paper was illnstrated by the exhibition of specimens. 



Tbb biuultakeocs hkasdkbmemt op the speed or an enoine akd 
DTNAMU BT ELECTRiCTTT. By Prof. H. 8. Carhabt, Ann Arbor, 
Mich. 



The apparatus employed Is Cushlng's so-called veloctmeter. It con- 
aista of a time marker and a recorder. The flrst is a reed which rlbratea 
one-hundred and fifty times per second and opens and closes an electric 
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clrcnlt At erory vibration. The recorder Is a device tor drawing a Btrlp 
ofBeoaltlced p&per between three Iron polntaor pens and ameUlUc wbeel- 
The pens are eonnected with the positive pole af a suitable battery «nd 
the wheel with the negatlre. Oae pen Inclndes the reed and makes one- 
hnndred and Sttj bine marks per second on the paper. The circuits ot 
the second and third are Interrapted at every reToIatlon of the engine 
and dynamo respectively. Hence the simple process of conntlug the blue 
marks gives the speed of both engine and dynamo; and If the diameters 
of the driving wheel and the pnlley are known, It gives ah<« the slip of the 
belt. Specimens of the record obtained with a BaU engine and a Thom- 
son-Hoaeton dynamo were exhibited. 



A KBW DTKUIOMKTKR WITH WORKINa MODEL. By Prof. J. BUSKITT 

WxBB, Stevens InsUtnte of Technology, Hoboken, N. J. 

[ABaTRl.CT.] 

Tsis dynamometer la npon the same principle as the well known 
"Brackett Cradle" for the measurement of tbe power absorbed by a dy- 
namo; It Is, however, designed to avoid difflcnlties sometimes met with 
In the use of tbe same. The dynamometer consists of one or more tanks 
In which are floated an equal number of smaller tanks of such size that the 
total volume of water displaced shall equal In weight the dynamo to be 
experimented npon, plus the weight of tbe platform and other necessary 
parts Including some movable weights, by which the position of the centre 
of gravity may be adjusted. These tanks are placed at the four corners 
ofa platfbnn upon which the dynamo stands near Its centre, and their 
position with rofsrence to each other and to the dynamo Is so arranged 
that the equilibrium of the whole — dynamo, platform and floating tanks— 
abont an axis perpendicular to the dynamo shbft Is almost. If not quite, 
neatral ; while about an axis parallel thereto, Its atabllity is such as to give 
the amonut of sensibility desired In the experiment. 

In addition to controlling the stability by the position of the floating 
tanks. It may also be changed by placing weights either in the bottom or 
on top of the floattog tanks, the stability being Increased by the removal 
of weights rK>m the top to the bottom. The adjustment of the centre of 
gravity of the floating mass In the some vertical as the "centre of buoy- 
ancy", when the platform is level. Is made by the movement of weights on 
the platform, while the centre of the dynamo shaft Is brooght Into the 
same vertical by moving the dynamo Itself, the test of Its coincidence with 
this vertical being that a weight hnng npon the shaftshall prodnce no tilt- 
ing of the platform. A vertical adjastment, to bring the dynamo shaa on 
tbe same level with the driving shaft Is made by altering the amount of 
water in the outer tanks and, by means of accarate spirit levels placed 
npon the plaUbrm, tills a41astmeDt can be made with the greatest acca- 
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racy. The outer tanka are matoallr connected with robber hoso so 
that the water nay Btand at the same level In all, the tanks so cODoected 
havlDg, however, this sdvautape over ooe large tank and float, that oscil- 
lations are to a coosiderable extent prevented becanse the additional wa< 
ter displaced (technically the "wedge or Immersion") by a tilting of the 
floatinft mass mnat flow slowly through the tubes to the opposite tanks. 
The tilting of the platform Is measured by attaching a mirror thereto and 
observing with a telescope the reflection of a scale, or by means of a level 
attached to the platform ; or the platforra can be maintained level by a 
weight moved along a graduated scale beam attached to the platfbrro, the 
position of which on the beam most of course be earefally noted in each 
experiment. Thia dynamometer allows the dynamo shaft to 'be coupled 
directly to a driving shaft or to be ruu by a belt from one aide, Id which 
latter case the pull of the belt must be apposed by a strut having Journals 
in one end for the driving shaft and lu the other for the dynamo shaft; the 
ftictloD of these Journals and the weight of this stmt Introdnce no Inac* 
curacies In the experiments. From the above description It will b« seen 
that this dynamometer rnrnlshes the needed support for the dynamo to be 
tested and no more, leaving It free to float into the correct position with 
respect to the driving shaft, and free on all sides for connection with the 
same either "la line" or by belt; at the same time its adjustments are 
made In the simplest manner and It Is free from all friction, so that the 
most delicate Indications may be expected firom It. 

[A full description of the two formsorthlsdynamometer— the "Floating 
Dynamometer with Floating Caissons " and the " Floating Dynamometer 
with submerged Caissons," will be found in the New York " Electrical 
World " tor Sept. 10 and IT, 188T. ] 



Tbs klectricai. coNDinoif of tbb ithobphbrk in f*ib wbather and 
DDRiNo A THUNDER STORM. Bj Prof. T. C. Mbndrhhau. and A. S. 
McHas, Terre Hante, Ind. 

[AaSTBAOT.] 

OnaaRTATiONS with qnadrant electrometer and water-dropping col- 
lector, covering a considerable number of days on which no clouds were 
visible, go to show that onder such conditions the air is nalversatly elec- 
trically positive. The very few exceptions In which negative electrlflca- 
tlon appeared for a moment or two are doubtless explainable as being 
due to accidental disturbances. The degree of electrification Is tolerably 
constant during the day, with Indications of a maxlmnm In the morning. 
Barlngthepossageof a thunderstorm, however, the variations In potential 
are very marked and the changes Often very rapid. In general, the air at 
flrst becomes negative and somewhat steadily so ; bot at the beginning of 
the tii\ of rain, violent fluctuations from low negative to high positive tahe 
place, and these generally continue until after the storm has passed, when 
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the potential genarallj becomes gte&dltj positive. FotentUl aa high m 
maDj Uioosandi of volts are observed, sccompanled b; sparking In the«p- 
paratQS. It appears that, Id general, tbe appearance of negative potentUl 
Is coincident nlth the appearance of rain, either at tbe station or near hj. 
It cannot be satd to precede tbe rain wltb certainty, altboogh this some- 
times bappena. 



Ok a maokktio bbidor or balance vor MKASURiNa HAaNsno coNDao- 
Ttvmr. B7 Dr. Thomas A. Edison, Orange, New Jersey. 

lAMTRltn'.] 

Pbrhafb no electric meaaurlcg instrument has proved more useful Is 
practice, eNpeclally If tre consider the varloui fbrins whtcb It has aasnmed, 
than the device contrived by Christie and commonly known as Wbeat- 
stone's bridge. It was with tbe belief that a similar Instrument coold be 
CODBtrncted nhlch sbonld perform the same service for magnetic measore' 
ments, that the experiments were made the resnlta of which I hare the 
bonor now to present to the Section. 

The Wheatstone bridge Is based npon the fact that If two points of dif- 
ferent electric potentials are united by two condncting paths the fall of 
potential along these paths Is absolately the same provided that these 
paths are absolutely alike electrically. Consequently, If two points equi- 
distant from the place of higher potential be connected together, do CDr> 
rent will flow through the connecting wire. 80, by analogy, IF two points 
be maintained at a constant difference of magnetic potential, the flail of 
potential ft'Om one to the other throngh two or more paths will be abso- 
lutely nnlform In all provided these paths be magnetically IdenticaL Hence 
at any two points equidistant from a given terminal, the magnetic poten- 
tial Is the same and these points would be without dUfhreuttal action upon 
a magnetic pole. 

The magnetic bridge may be constructed Id the form of a rhomb, the 
typical form of the Wheatstone bridge. For this purpose the four sides 
are made of the purest Norway Iron as soft as possible end thoronghly 
annealed. To tbe acute angles of the rhomb are connected the poles of a 
long U-abaped electromagnet whose ninctlon Is to develop the desired 
magnetic potential- difference at these points. Connected to the two ob- 
tuse angles, and projecting inward, are two bars of Norway iron similar In 
section to those forming tbe sides. Their Inner ends, which are hollowed 
out, approach to within aliont a half Inch of each other. Between thes« 
ends a stirrup la SQSpended by means of a silk Bbre, which stirmp carries 
a short needle consisting of a thin tube of bardened steel well magnetlied. 
To the stirrup Is attached either a pointer moving over a graduated arc, 
or better a mirror by means of which the deflection can be read In tiie 
nsnal way with a lampstand and scale. 
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In the Instrnment now In nae In m; laboratarj the magnetic bridgo la 
In the form of a rectanglo, the enda or polea of the electro magoet being 
connected to the middle of the short aldea, while the ban which pass in- 
ward to the needle arejolned to tba middle of the longer aides. The four 
bslves of these longer ildea constitute the sides of the bridge. The two 
at on« end of the rBctaogle ar^ fixed, tbe two at the other end are mora- 
ble. The two bars which pass Inward to the needle are curved so aa to 
form a aerolclrcle standing abore the plane of the rectangle. The needle 
lt«elf is similar In construction to that above described bat la suspended 
by a wire attached to a torsion head. A photograph of this apparatus I 
hare the pleasure of exhIbUing to the section. 

It will be readily seen that when the electromagnet la charged, a con- 
stant difference of magnetic potential is matntalned at the two ends of the 
rectangle, ao that If the four bars constituting the sides of the bridge ar« 
magiieticallj Identical, there will be no dlflerence of magnetic potential 
between the ends of the ban which pass to the needle and hence thers 
will be no deflection. But If one of the movable bars be loosened, the 
needle Is at once deflected, and tn a direction depending upon the side 
the bar occupies. If the bar be entirely removed the deflection la a max- 
imnm of course. And If It be replaced by another bar differing in croaa 
section, in quality of Iron, or In any other way which affects the mag- 
netic conductivity through the bridge, the deflection shows at once the 
amount of difl^reuce between that bar and theorlglnal one taken as aatand- 
ai'd. The instrument Is extraordinarily delicate and the priucliiai dlffl- 
cnltles enconntered in using It have arisen In the attempt to preserve tbla 
delicacy while at the same time the range of the apparatus is maintained. 
The magnetic bridge was devised for the purpose of testing readily the 
quality of the Iron purchaaed for the construction of dynamos. Very great 
VHrlatlous are observed In irons supposed commercially to be of the same 
quality. Consequently the potential dlfl^rence developed by a dynamo 
having field cores of such Iron csn never be exactly calculated. But by 
comparing. In the magnetic bridge, the Iron which Is to be thus nsed, lis 
exact value for dynamo purposes may be determined and the constants of 
the generator thus accurately calculated tn advauce. 

But this bridge It would seem will be eqnatlyuseful for testing Iron and 
ateel for other purposes. By Its means not only may the character and 
qaallty of the metal t>e ascertained in terms of any desired standard, bni 
flaws ia the interior or a bar such as acar axle may be discovered at once. 
Constructed with suOlclenl care and attention to details, the magnetic 
bridge may without doubt be made a moat valuable ins tru me UL of preci- 
sion for the Artherance of sclentihc research. The theory of Its action la 
extremely simple and It Is the exact counterpart of an ordinary Wheat- 
atone bridge CODStrocted for measorlng low resistance and immersed In 
salt water, since now whatever is true electrically of the one Is true mag- 
netically of the other. Not only may the laws of magnetic conductivity 
be investigated bymeansof thlabalauceforall para and dliimagne tic bod lea 
bat the variation of thla conductivity under the action of variooa pliysicaL 
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■geuclea sncb u heat, presBDre, stresa, etc, ma; be detenntned. ItUta 
tbe belief that this InBtrument may cooirlbote aomethlng' to the adnoct- 
meat or electrical science and with the hope that It may do ao, that I tcd- 
tora to bring It to tbe notice of m; fbLow menibera of the Ameriai 
AsBoclatlon. 



OM THB PTKOMiOXETIC VrVJMO ! A MACHINK FOR PRODUOIMO KI-KniUCITT 

i>iRBon.T VKOM Fuiu„ Bj D;-. TsouAS A. Edison, Orange, K«n 
Jersey. 

[ABSTKAQT.] 

Thk prodnctton of electrlctl; directly from coal Is a problem irhlcb hu 
occupied the closest attention of the ablest Inventors fbr many yesn. 

Could the enormooa energy latent In coal be made to appear an electric 
eoerg; by means of a simple tranerormtng a^fparstns which accomplUbei 
Its result wUh reasonable economy, It wlU be conceded probably that the 
mechanical methods of tbe entire world would be rerolotlODlzed Uterebj 
and that another of those grand steps of progress would be taken of wblcb 
the nineteenth century so Joatly boasts. 

The simple production of a potential difference by men.ua of heat Is is 
old as Seebeck and Mellon!. The science of thermo-electricity thns orig- 
inated has been developed by Becqnerel, by Peltier, by Thomson and by 
Talt.'and the thermo-batteries uf Clamond and of Nde have found roanf 
Important practical uses. The results already attained In these generatoTS 
have stlronlated research marvellously, and many Inveatlgators have be- 
lieved that In this direction Uj the philosopher's stone. Our fellow mem- 
ber. Hoses O. Fanner, worked long and assiduously In this field producing. 
It Is believed, the most satisfactory results as regards economy which ha* • 
ever been obtained; bnt even these results ware net very encouraging. 
He never sncceeded In converting one per cent of the energy of the coal 
Into electric energy. Quite recently Lord BAyleigb has discnaaed with 
his well-known ability, the law of efficiency of tbe thermo-battery ftoin 
the standpoint of tlie second law of thermodynamics, and he concludes 
that for a cop per- Iron couple, working between tbe extreme limits of tem- 
perature possible for these metala.aconveralonornotmore than one three- 
hundredth part of tbe coal energy can be hoped for. While, therefore, u 
a heat-engine the thermo-cell appears to follow precisely the law of Cai- 
not and hence may have a theoretical maximum efficiency equal to that of 
the reversible engine of this eminent philosopher; yet. In practice, ItselB- 
clency falls very far below this theoretical maxlmom. 

It therefore follows that If the result hoped for is to be attained at an. 
It must obviously be looked for In some other direction than In that of the 
thermo-cell. In considering the matter, another line of investigation sug- 
gested Itself to me, the results of which I have the honor now to sobmlt 
to my fellow members of the Fhyslcal section. It has long been known 
that tbe magnetism of tbe magnetic metals, and especially of Iron, cobalt 
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and nickel ts mftrkedly afl'ect«<l by heat. According U) Becqnerel, nickel 
loses Its pover of being magnetized at 400°, Iron at a cherrf-red beat aiid 
cobalt at a white beat Since, srheneTer a magneUc field rarlea la strength 
In tbe viciuitr of a conductor a cnrrent is generated In that coDdoctor, It 
occurred to me that by placing an Iron care In a magnetic clrcalt and by 
Tarylng the magnetiEablllty of that core by Tarying its temperatnre, it 
vrould be possible to generate a cnrrent in a coll of wire sarroonding this 
core. This idea constltates tbe essential featnre of the new generator, 
which therefore I have called a pyromagnellc generator of electricity. 
Tbt: princlpLsorotUlEing the TBriatlOD ofmagDetlzaUlity by beat as the 
basis of electric machlaes, though clearly applicable to generators, was 
first applied to the construction of a simple form of beat engine which I 
called apyroraagnetlcmotor.* A descrlptlonof this motor will help us to 
UDderetaDd Hie generator BUbseqneotly constructed. 

Suppose a permanent maguet, having a baudle of small tabes made of 
tbin Iron placed between Its poles and capable of rotation aboot an axis 
perpeodlcular to tbe plane ot the magnet, after the fashion or au armature. 
Suppose, farther, that by suitable means such as a blast or a draught, hot 
air can be made to pans through these tubes so as to raise tbem to red- 
ness. Suppose that by a flat screen symmetrically placed across the fkce 
of this bnndle of tubes and coveringone-half oflhem, access of the heated 
air to the tubes beneath It Is prevented. Then It follows that If this screen 
be so adjusted that Its ends are eqa Id Is taut from the two legs of the mag- 
net, the bundle of tubes will not rotate abont the axis, since tbe cooler and 
magnetic portions of the tube-bnodle (i. e., those beneath tbe screen) will 
be equidistant from tbe polesand Trill be equally attractedou the two sides. 
Bat If tbe screen be turned about the axle of rotation, so that one or Its 
ends la nearer one of the poles and the other nearer the other, then rota- 
tion of the bundle will ensue, since tbe portion under the screen, which is 
cooler and therefore magnetizable, Is contlcaally more strongly attracted 
than the other and heated portion. This device acts therefore as a pyro- 
magnetic motor, the heat now passing thrangh the tubes in such a way as 
to prodace a dls-aymmetry In the lines of force or the iron-Seld, the rota- 
tion being due to the effort to make these symmetrical. The guard plate 
Id this case has an actiou analogous to that of the commutator in an or- 
dinary annatnTe. The first experimental motor constructed on this prin- 
ciple was heated by means of two small Bunsen burners, arranged with an 
air blast and It developed abotit TOO foot pounds per minute. A second 
and larger motor Is now abont finished, which will weigh nearly 1,500 

1 1 Mm amue that motors embodjins the same principle) havs been datcrlbed by 
Honatan and TbonioD IJ. Frank. Ital., ISIS, S9,) bj MoQea iSelaie*, □!, ZTI, 18S1) anil 
bj Schwedoff {J. Fhyiiqut, II, V. 8S1, 1880). Bui il doea no! appear that the apparatu 
deacrlbed In these publlaatloni was btbt acCuillj coniiCrncMd ; except In the oase of 
HoOee's model, which wai acaroel; more thanator. Indeed la both of the papen 
first above mentioned, the motor la Mated to be el ttaeoratle Inteieat ODly and to hava 
no practical laloe. 
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poDDds and Is expected to develop ftI>ODt three horse power. In botb 
these machines, electromignets are used la place ot permsDent magnets, 
the carreot to euerglie them being derived from an external source. In 
the latter macbine, the air tor tbe comhnstlon la first rorc«d through tbe 
tnbes to aid la cooUug them tmd then goes Into the furaace at a high tem- 
peratare. 

The earliest experiments In the direction of the pyromagnetlc prodoc- 
tlon of electricity were made with a very simple apparatus, consisting of 
ft charged electro ntsgoet, having a tabe of thin Iron passing through ita 
cores near their outer ends, a coll of wire being wound round this tube, 
and iuclnding an ordinary soander delicately a()jnsted, In Its circuit. The 
tnbe beueath the coll was covered with asbestos paper. A-ftec heating Ute 
tnb« to redness by a gas blast directed Into It at one end, a Jet of cold air 
was SDddenly substituted for tbe flsme ; the sounder at once closed show- 
lag tb&t the change In the raagnetlssblllty of the Iron had varied the dis- 
tribution or the lines of force wltblo the coll, and thus bad prodocud « 
current of electricity in this closed clrculL 

The construction of a machine of sufflclent else to demonstrste the 
fbaslblilty of prodnclng conttnuoas currents on the large scale In this wa7 
was st once begun snd has only Just been completed. The new machine 
consists of eight dUtloct elements each the equivalent of the device si- 
ready mentioned, consisting of tbe two legs of an electromagnet some- 
what r^r ^art (twelve Inches actually) having at one end the ordinary 
yoke and at the other a roll of corrugated sheatiron .DOS Inch thick, called 
an Interstitial armature; this armature having a coll of wire wound upon 
It and separated from direct contact by means of asbestos paper. The 
eight elements are arranged radially abont a common centre, and are equi- 
distant, the eight Interstitial armatures passing In fact through two Iron 
disks, which constitute the common pole pieces of all the electromagnets. 
The colls wound upon tlie Interstltiul armatores are connected dinrctly Id 
series, the whole forming a closed circuit. Through the centre ofthese 
disks a hollow vertical sbaft pusses, carrying at its lower end a semicir- 
cular plate of fire clay called a guard piste which, when theshaft Is turned, 
revolves close to the lower ends of the sheet Iron armatures and screeua 
ofTbalf of them from the access of heat from below. The shall carries s 
cylinder of Insulating material having metallic coutact pieces let Into It 
on opposite sides, the Hue Joining them being parallel to the straight edge 
of the guard plate. Upon this cylinder eight springs press, each of these 
springs being coanected to the wire of the closed clrcnlt above mentioned 
midway between the colls. The length of the metallic segment Is so pro- 
portioned that tbe following spring touches It Just ss the preceding one 
leaves It. The springs themselves are so adjusted thst each of them comes 
Into contact with Its metstllc segmeat Just as the preceding coll of ttie 
pair, to vrblcb It la connected. Is uncovered by the rotatlou of the guard 
plate. Upon tbe same shaft and above tbe cylinder Just mentioned, a pair 
ofmelallic rings are placed, Insulated flrom the shaft, to each of which one 
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of the metallic segments is connected. Brashes pressing apon these rings 
take off tbe current produced by the generator. 

The entire mnchlne now described Is placed apon the top of any salta- 
ble rarnace, fed by a blast, so that the products of com bastion are Forced 
np tbroagh those Interstitial arinatares which are not covered by tbe guard 
plate, and rslae them to a high temperatnre. The field magaetB when 
charged magnetize of coarse only those Interstitial armatares which are 
cold ; i. e., those beneath the guard plate. On rotaUiig this plate, the In- 
terstitial armatares are successively uncovered on the one side and cot- 
ered on the other; so that continually dnrlng the motion foar of the eight 
Armatures are losing heat and the other fonr are gaining heat. But those 
which are losing heat are gaining magnetism, and viM veria. Hence 
while carrentB are generated In all the armature colls, since In all the 
magnetism Is varying, the cnrrent In the colls beneath the guard plate 
win be in one direction, white that In the colls exposed to the Are wilt be 
in the other. Moreover, whenever an armature passes ont from under 
the gaard plate, its condition at once changes : frura losing heat and gain- 
ing magnetlum U begins to gain hest and lose magnetism. Hence at this 
Instant the current In Its coll la reversed; and consequently the line con- 
necting this coll with the one opposite to It conntltutes the neutritl line or 
line Of commntstlon; precisely as In the ordinary dynamo. Indeed, tbe 
action of the Interstitial armature coils of the p; romugnetlc dynamo re- 
sembles strongly that of the ordinary armature colls or the Gramme ring, 
not only in the manner of connecting them together but also in their func- 
tions; the change of direction In the current aa the magnetism of the Held 
changes sign In the latter case corresponding closely to the change ofcur- 
rent In the former case due to the direction of the temperuture change. 
But it will be observed that while in the Gramme ring, the loops between 
the armature colla are connected to commntator segments equal In rium< 
her to that of the colls, upon which commutator two brushes presn, tii the 
pyromagnetlc dynamo the loops between the armature colls are connected 
to an equal nnml>er of brushes (In this case eight}, while the cominutator 
segments are only two In number. So that the functions of the commuta- 
tor and the brushes In this generator are in a certain sense reversed as 
compared with the ordinary dynamo. 

The potential difference developed by this dynamo wlU obviously de- 
pend (1) upon the number of turns of wire on the armature colls ; (2) upon 
the temperature diflbrence In working; (8) upon tbe rate of temperature 
variation and (4) upon the proKtmity of the maximum point of effect. No 
advantage will l>e gained of course by raising the temperature of the inter- 
stitial armature above the point at which Its raagnetlEablUty Is practically 
lero; nor will It he advantageous on the other hand to cuol It below the 
point where Its magnetism Is practically a maxlmnm. The polnt:< of tem- 
perature therefore between which for any given magnetic metal, It Is most 
desirable to worlt, can be easily determined by an inspection of the curve 
showing the relations between heat and magnetism for this particular 
metal. Thus tbe points of temperature at which the magnetlEabllity Is 
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practically zero, M above stated, are & white heat for cobalt, a biigbticd 
for iron and 400° for nickel. Oo the other band while at ordlaai? lem- 
peratureH Iron has a mailmDm intensity of magaetizatlon represented by 
1390, Ita Intensity at 220° Is 1360 ; and Lence no commorclal advantage li 
gained by cooling the Iron below this temperature. Nickel, however, 
whoae maximum intensity of magnetization at ordinary lemperatares It 
BOO, has an Intensity of only 880 at 2S0°. Hence while this metal reqnlrct 
a lower mazlmom temperatare It also reqaires a lower minimum one ; bal 
It may be worked with mach less beat. The rate of the temperature vari- 
ation is determined by the rapidity which the guard p1at« reTolves. iod 
this In Its torn la dependent upon the npldlty-wlth whlcb the Intentitiil 
armatnre can be cooled and heated. That It may take up and lose belt 
readily, the sheet Iron of whlcb It Is made Is very thin (only .005 Inch thick 
even when Its durability Is increased bj enameling or nlckeliog). It Is cor- 
rugated and rolled np so as to expose a large surface (about fio sq. A- 
for the eight armatures) and hot and cold air are alternately forced thioDgti 
the armature. Experiments already made show that the guard plate cu 
probably be mode to revolve one hundred and twenty times a inlDDie- 
Since the potential diflbrenoe la proportional to the number of lines of force 
cat per second, It Is evident that by doubling the speed of rotation, twice 
08 many lines of force would flow across the geuerating coils per second 
and the outpnt of energy would be quadrupled. Exactly what thlclta«sa 
of metal Is the most suitable for the purpose, what the relaUre voloon 
occupied by metal and by air space In the Interstitial armature sUoald be, 
what Is the best diameter for this armature, or even the beat metal, what 
the best limits of temperature and what the best speed of rotation to pro- 
duce the maximum potential dISbrence —all these are questions whlcti 
must be decided by experiments made upon the generator itself. 

The results thus far obtained lead to the conclusion that the econeoiT 
of production of electric energy IVom fuel by tbe pyromagnetic dynamo 
will be at least equal to and probably greater than that of any of tbe 
methods In present use. But the actual outpat of tbe dynamo will be les> 
than that of an ordinary dynamo of the same weight. To f^irulsh thirty 
sixteen' candle lights In a dwelling honse would probably require a pyro- 
magnetic generator weighing two or three tons. Since, however, the new 
dynamo will not Interfere with nsing the excess of energy of the cool to^ 
warming the house Itself, and since there is no attendance required to 
keep It running thero would seem to be already a large field of nsefulness 
for It. Moreover by using the rogeneratlve principle In connection ivlth 
it, great Improvement may be made In Its capacity, and its practical nf' 
ity may very probably eqnal the Interesting sclentlflc principles which It 
embodies. 
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BT 

PROFESSOR ALBERT B. PRESCOTT, 

TICK rBBSlDEEIT, SECTION C. 



TBB OBEmSTSY OF NJTBO&EN AS DISCLOSED IS THE CON' 
STITUTION OF THE ALKALOIDS. 



To the compounds of carbon, chemistry has devoted its main 
strength, ever since tliis science reached maturity of purpose. Id 
the wortE among organic compounds science has made its nearest 
approaches to an actual acquaintance with the molecule as a chem- 
ical centre, and Tiom these advances every branch of chemical art 
receives full benefit. 

Carbon was the flrat to gain attention as the member giving spe- 
GJHc character to organic compounds (1)*. Hydrogen entered into 
the definition of organic chemistry (2) at a later period. At pres- 
ent, hj'di-ocarbona are represented to be the parent forms of chem- 
ical families, with carbon as the member for fixed position and 
hydrogen as the member for exchange. Upon these two elements, 
and upon their relations in the molecule, investigation has fixed its 
steadfast eyes in the will to divine the ways of chemical action. 

Nitrogen comes next in turn as an organic element of impor- 
tance. Hitherto, for the most part, organic nitrogen has been re- 
garded only as a member peculiar to certain categories of carbon 
compounds. The name of nitrogen has not entered into any defi- 
nition of general or commanding interest. Nevertheless, the car^ 
botutceous compounds of nitrogen have already so appeared as to 
shed a good liglit upon chemical atructuro. It is hardly too much 
to say that in the study of these compounds lies before us the very 
organic chemistry of organic chemisliy. 
Through the inorganic world and its majestic round of supplies 



■LUt ot tatereoeeB at end of Uis addreu. 
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for the BustenaDoe of living bodies, nitrogen has been noted &a a 
imique element. The phyaiolt^icat availability of the free nitro- 
gen of the sir, long found a divided question, waa well discassed 
in tlie last annual address before this section. The artificial con- 
version of atmospheric nitrogen into ammonia, an old attempt, is 
constantly urged at the hands of invention by new demands from 
the gt'eat chemical industries. The seivice of nitrogen in the ex- 
plosives, fairly well under control in the use of projectile agents, 
is still in the need of improvements for safety and for rate of ac- 
tion. The element assnmes strangely diverse relations : it presents 
to UB an enigma in physiology ; it leads in our estimates of the 
agricultural value of plant foods ; it stands in its indifference as 
an obstruction in the way of great chemical manufactures ; it Iceeps 
the post of a trusted agent for projectile force in arts of war and 
of peace ; it mocks us with its abundant presence in an inapproach- 
able virgin state : the same element that holds the structure of the 
aniline dyes and governs the constitution of the vegetable alka- 
loids. The character of nitrogen challenges chemical skill. 

The chemistry of nature instructs the chemistry of art. Molec- 
ular syntheses wrought out in the vegetable kingdom, sometimes 
too complex for analysis, often too difficult to reproduce, always 
cl«ra our study ; and the reasons so far shadowed forth are more 
than enough to Justify the attempt here entered upon to trace back 
the path of attainment, and take the bearings of our progress in 
the chemistry of nitrogen as disclosed in the structure of the al- 
kaloids. 

The history and the present state of the constitution of the veg- 
etable alkaloids, and other nitrogenous bases, may be outlined in 
the following order ; 

(1) The conception of the type of ammonia in the formation of 
nitrogenous bases. The light of this theory has enabled great 
numbers of artificial compounds to be produced, but for the most 
part it has failed to reveal the structure of the vegetable alkaloids. 

(2) The study of the aromatic type of «tructure in closed cbains 
of six positions of carbon, conjoined with the ammonia type in 
side chains. Great numbers of new bases of amido-benzenoid con- 
stitation have been produced while the benzenoid type has been 
found in bat few of the vegetable alkaloids. 

(3) The demonstration of the pyridine and quinollne aromatic 
groups, holding nitrogen in position within the closed ch^n in 
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tbe constitntidn of uumeraas vegetable alkaloids. Already artl- 
flcial production of both new and natural alkaloids folloirs up the 
discovery of the pyridine type of formation. 

(4) The researches upon azo anddiazo-benzenoid bases, in which 
nitrogen is linked to nitrogen in an open side chaio of benzenoid 
molecules. Color substances in abundance have been made upon 
these types, and a late annooucement implies that the diazo struct^ 
ure takes part among animal decomposition products. 

I. Nitrogenous Bases as Derivatives of Ammonia. 
It was remarked by Justus Liebig in 1830 (8), that the capacity 
for saturation of acids, poasessed by the plant bases, was in pr*- 
portion to the number of eqnivalents of nitrogen they contained. 
Aa early as 1S37 Berzelius (4), reasoning on the results of Reg- 
nault and Liebig, advanced the doctrine that the vegetable bases 
were conjugated compounds of ammonia, — 'binary combinattooa 
in which the entire molecule of ammonia was united with a group 
or compound radical containing carbon — represented by HgN X. 
Tlie saturating power of the alkaloid was stated to be the same as 
that of the contained ammonia. Liebig departed ^om the doctrine 
of Berzelius to this extent, that he held the organic bases to be 
binary combinations, not of entire ammonia, but of amidogen, sa 
that they were represented by Hj N Y. Liebig's view looked toward 
but did not reach the idea of sabstitution for the hydn^en in aniH 
monia.^ The doctrine of Berzelius as a whole, *' by no means met 
with general approbation, but" to use the words of Hofmaun, " it 
was rcUined and carried out by Berzsttos wiUi tbe perseverance 
and ratiocination peculiar to that great chemist." 

At the time of ttiese studies, vegetable alkaloids had been known 
in the chemical world for about twenty years. The chief bases of 
opium, cinchona, strychnos, veratrum, aconite, and the solanaceoas 
plants had been obtained. The first distinct announcement of a 
plant base was that of morphine by Sertiirner in 1805, but this 
did not gain attention until Sertiirnei''s fuller report in 1817 (5). 
In 1803, however, Derosne (6) had obtained a " crystal lizable 

' In leiO (loo. oft.) he made ■ remirkablfl prediotlon of tba nsliure of the amiDea, ob- 
talnert by Wuru and by HoftnBan Ma yeu« anenTvil. "If."iakl Llsbls. " we were 
iblgioreplaoeb/amlJogeD the ozldeiofnisUiylinil ethyl, and or two bawl ndicals, 
we ehould without ths sllKbtesl doubt obLain ■ aerie* or oorapoundn exblbitlDg a de. 
poEtmem aimllar In srery reapaot to tbat oT ammoDla. Thus a compound of tba (Dr- 
■aula C,II, H|N would be endowed with the propettlea of a base." I '•, 
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opiam Mit " by two metboda, one of which must have g^ven bin 
iDotpbin«, and the other, narcotine. In 1844, about Stty vegeU- 
bte alkaloids were enumerated, incladiDg some whose identity hu 
not I>eeD established (7). 

The dteadvantage iocurred in inveatigation of organic bases an- 
der ttie Binary Theories of Bercelins and Liebig is sbown by the 
difficulty described by A. W. HormaDD (8) in London, as late u 
1849. " Voiuly havel hoped in the course of my investigation on 
this subject," he says in ooncluBion of a paper on certain oi^uie 
compounds of ammonia, " to cause aniline to split ap into ammo- 
nia and the conjunct CVH4."' The introduction of tbe Theory of 
Substitution and the Theory of Types by Dnmas and l/surent (9) 
prepared the way soon after 1840 for the pi-oduction of derivaUvM 
ftom ammonia. 

The first representatives, roethylamlne and ethylaminet were <^ 
Uined by Adolph C. Wurtz, in February, 1849 (10) — through 
tbe action of potash upon the cyanic eUiers.* The year before 
he had made report (11) on tbe same reaction, with the surniBe 
that he had obtained a derivative either of a nrea or of an ether.* 
but after obtaining metbylamine as a caustic volatile alkali, he was 
emphatic in declaring it an ammonia. " I have euoceeded, in fact," 
he said, " in converting ammonia into a true organic compound, 
by adding to it the elements of the hydrocarbon C H,."* Wurti 
at first chiistened the new products " methylamid " and " ethyU- 
mid." Mr. T, Sterry Hunt, then writing in Silliman's Journal 
(12), prt^Kified the names of " methylsmine," " ethylamine," etc., 
as " more consonant with the nomenclature of the alkaloids." The 
names " methyl iak," " butyriak," etc., were offered by Dumas; 
and the names " metbammine," " ethammine," etc., by Gerhsrdt 
(IS). In hie communication of August, 1849, Wurtz adopts the 
terms " metbylamine," etc., and about this time he presents rations! 

■ Original, C, H,. 

• That Ib, the methyl and vtb^l liocjan&tai. AIM b; aotlan of potuh on the Iioej- 

• " ElUier R area In Ttil^ one equivalent of water li Tcplaoed bj one of Mbar. or 
methfl ether In which the molecule of flX7gen (weight 8) la replaced by a molecnleif 
amldogan. K Hr" The Utter view oorTBapondi to [hat In the prediction of Lieblf il- 
ntadj quoted. ' 

• " Ammonia," aald Wurtz, •■ ahonld desldedl; be resarded as the noat dmpi* and 
moet powernil of the organic bueai and It would be tor all chemlata the t;pf> of Uitt 
nameroua elaaa orbodisa, did It not differ In one nndoubtedl; Important cbaraour, but 
to which," he eondodea, " an exaggerated value baa been anributed. Ammonia cub- 

. diiaa'^ocarbon." 
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formalK, on the ammonia type, for a good number of artiBcial 
bases, aniline, toloidine, and picoline, for nicotine, and conine, and 
claims formal^ for several oxygenated bases. 

I>r. Hofmann had been engaged in inrestigation " on the vola- 
tile organio bases," communicated in 1849 and 1S50 and already 
referred to (8), and he welcomed "the splendid investigation of 
M. 'Wartz" with unstinted enthusiasm. He now adopted the theory 
of substitution for the hydrogen of ammonia, aud with remarkable 
celerity be verified the theory by replacing the second and the third 
atoms of hydrogen by oi^anio radicals. Beyond this he sabsti- 
tuted the fourth hydrt^n atom of ammonium salts, explained tlie 
formation of ** white precipitate " and other metallic derivatives, 
and set forth the likeness of oxygenated alkaloids to the compounds 
of ammoninm. For the greater number of his results he employed 
the simple reaction which bears hie name, the reaction between 
iodides or bromides of radicals and the ammonia or lower derive 
tives of ammonia. Hismasterly reports of 1850 and 1851 fill seventy- 
eight pages of the Philosophical Transactions (14), concluding 
with an extensive classification of new substances, and with ambi- 
tioas expectations of finding the constitution of important vege- 
table bases. This reaction, aaed by Hofmann for the introdnction 
of"alkyls"or alcohol radicals into ammonia, producing succes- 
sively primary, secondary and tertiary amines and then alkyl am- 
monium salts, is a reaction now in constant use upon alkaloids in 
the course of investigations. By this reaction, for example, mor- 
phine is convertible into methyl-morphine, which is codeine, and 
an homologous ethyl-morphine is readily obt^ned (lA). Bruoine is 
ditnethoxy-strychntne ; a methyl- strychnine and an ethyl-strychnine 
are produced (16) ; and these artificial products are under trial as 
to their physiological efi'ects. Quinine is a methoxy-cinchonine. 
Cocaine is readily formed by the introduction of methyl into ben- 
zoyl-ecgonine, and the corresponding etbyl, propyl, and butyl 
products are now under physiol<^ical trial (17). It is of great 
practical interest that homologous alkaloids, prepared by successive 
sabstitatioDS of methyl through Hoftnann's reaction, are found to 
exhibit a gradation of physiolt^cal intensity quite In correspond- 
ence with the graded intensity of the homologous alcohols of the 
paraflln series. 

Whatever we have gained by modem theories of other types of 
Btmcture it still remains true that the nitrogenous bases represent 
the type ammonia. Whatever other types govern the constitation 
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of alkaloids in general, they carry central atoms of Dltr(^:en, wbow 
valeDce and whose chemical activities are typified by the nitn^cs 
of this simple volatile alkalt. Nevertheless, the type ammooit 
represents only the " ammonia-rest," a small part of the molecule 
of a natural fixed alkaloid. Unable to reach a clew to the consti- 
tntion of the larger part, and therefore without data as to the re- 
lations and valences held by nitrogen, chemists were not able to 
assign rational formulte to the oxygenated alkaloids of plants in 
general until within the past ten or fifteen years, during which time 
light has been obtained upon typical structures of the cartK>n and 
hydrogen of these bases. 

II. Nitrogenons Bases represented by Aniline. 

Fhenylamine or amidobenzene is the type, in its simplest fonn, 
of compounds made by the substitution of an aromatic radical in 
ammonia. Obtuned by distillation ftom indigo in 1826, fh>ni ooal* 
tar in 1834, and from benzene by reduction of the nitro-derivative 
in 1641, it was at once recognized by Wurtz and by Hoftnann, in 
1850, as a primary amine. Its aromatic constituUon, with that of 
benzene itself, came to light in the closed chain theory of Kefcale 
in 1865 (18). The aniline color industry, Instituted by the inven- 
tions of Ferkin in 1856, could not have reached its great and be- 
neficent development withont the impulses due to the knowledge, 
first, of the ammonia type in the linking of nitrogen, and second, 
of the closed chain of six positions of carbon.'' On the other hand, 
the resources of pure organic chemistry could not have reached 
the wide extent they have attained without the patient and efficient 
investigation of the industrial chemists engaged in the work of 
the world. 

While the aromatic type of structure has furnished artificial ni- 
trogenous bases for Innumerable dye^tufll), the inquiry whether 
any considerable number of the alkaloids of plants were aromatic 
compounds or not was for years a perplexing question. Large 
numbers of vegetable alkaloids yield simple aromatic products 
when decomposed. For example, atropine and Its related alksp 
loids, when heated or forcibly oxidized, yield benzoic and salicy* 
lie aldehydes and related bodies. At the same time, research has 
failed to find rational formulte for alkaloids wherein nitrogen was 
attached, as it is in aniline, to a benzenoid group — a closed chdn 



-, ,.,Goot^lc 



BT A. B. FBEBCOTT. 109 

or six carbon positions. It was not ontil the discovery of the pyr- 
idine and qainoline type in the alkaloids — a type of aromatic 
structure holding five positions of carbon and one of nitrogen with- 
in the closed chain — nitrogen in a position central to the molecule— 
that it conld be nnderstood in what way the natural alkaloids, yield- 
ing aromatic decomposition prodncts, were themselvea of aromatic 
composition. 

Before taking np the consideration of the pyridine type of bases, 
it may be a^d that the complete benzenoid group, so extensively 
foand in vegetable acids, has been very little found in vegetable 
bases. In narcotine and narceine, the benzenoid group is found 
with four hydrogen atoms replaced, bat not at all replaced by ni- 
trogen. The nitrogen of the componnd is not directly linked to 
the complete benzenoid group. 

III. The Pyridine Type io the Vegetable Alkaloids. 
The aromatic constitution of pyridine and quinoline was appre- 
hended in 1870 (19). In this constitution, pyridine differs tmm 
benzene only in the substitution of one trivalent N, for the triva- 
lent group CH ; and qniuoline differs fVom naphthalene only in the 
substitution, in the same way, of one N for one CH. As const!- 
tnted in closed chains of six positions, pyridine and qutnoline are 
aromatic compounds, but of a type radically different from that of 
complete benzenoid bodies conjugated with nitrogen, like aniline 
or azO'benzene. The pyridine molecnle, 0^11,^, violates the first 
condition of laenzenotd compounds, namely, that the six primary 
positions of the molecule, CgH,, are all equal to each other. Here 
we have nitrogen irUerliitked in the dosed chain in the position of 
central influence. The great numbers of compounds which have 
been found in nature and formed by art, upon the pyridine type, 
during the last sixteen years, give evidence that this type is an es- 
sential effect of the chemism of nitrogen aa much as the benzene 
type is an effect of the chemism of carbon. The fact that only 
one atom of nitrogen is found to enter ttie closed chain of six po- 
sitions renders it not nnlikely that the nitrogen atom is directly 
united to more than two atoms of carbon in the ring. That the 
nitrogen is united to three atoms, Riedel and others (20) sometime 
since concluded on experimental grounds. 

That the vegetable alkaloids containing oxygen are tertiary 
amines, or ammonium compounds, so that they do not contain hy- 
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drogen directly anited to their Ditrogen — and so that all the hydio- 
gen of the typical ammonia is replaced — traa annouDced by Hof- 
maDn,in 1861, and has always been assented to. "With this vie*, 
the theory of the pyridine type quite accords. Pyridine and <fi\a- 
oline are actually tertiary amines, and their derivatives retain the 
exclusion of hydrogen fh>m the first three valeoces of nitrogen, 
those which represent hydrt^en of ammonia. 

In their iBomeriBms and in their deportment, pyridine and quin- 
ollne resemble benzene and naphthalene, their simpler aromatic 
types. By the facility of snbstitation of methyl and other ndi- 
oals for their hydrogen, they yield homologous series ; by oxidati<n 
of the alcohol radicals, carboxylic acids are obtained ; and by rt- 
duction of the acids, the original comptoands are restored. In > 
very important quality, however, pyridine diflbrs from benzene ii 
deportment, that the former gives much more stable addition pro- 
ducts with hydrogen than can be obtained from the latter. Two, 
four, or six atoms of hydrogen are united. Hexahydro-pyridine 
is the alkaloid piperidine. Piperidine in onion with piperic acid 
constitutes the piperine of black pepper, the latter being, therefore, 
a saponiflable alkaloid. The pyridine ftom which is derived tnv 
pine, the central group in solanaceous alkaloids, is tetrahydrated, 
and Uie typical quinoline In the cinchona alkaloids is teti-ahydrafed. 
The Btablllty of these addition products renders possible the great 
complexity of natural derivatives of pyridine. And in this capac- 
ity for lai^r combinations we have proof, again, that the chemise 
of nitrogen introduces distinct character into the pyridine deriva- 
tives. 

Pyridine was obtained from boneK>il In 1850 (21), from coal-tar 
in 1855 (22), by synthesis from an azo compound in 1865 (23), 
and may be prepared from various alkaloids by distilling them witb 
alkali. A pangent liquid, miscible with water, boiling at 116.7°C., 
its appearance scarcely commends its claim to be the chemical 
protoplasm of the alkaloids of plants. Quinoline was obtained 
fi-om quinine and from strychnine in distilling with alkali by Ge^ 
hardt, in 1842 (24), from the latter distillates of coal-tar as finally 
confirmed by HoogewerflT in 1883, from boiie-oit, along with pyri- 
dine, and by Byutbesis in several ways, best from nitro-benzene 
Trith aniline and glycerine as done by Skraup in 1881. As a liq- 
uid it corresponds in appearance as it does in composition to pyri- 
dine, being heavier and less volatile. It is easily oxidized to p7^ 
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idioe dicarbonio acid, as naphthalene is to phthalic acki, — as by 
the cuttii^ away or one of a pair of joined hexagoDS. When 
manaractnred fh>in oinchonine qninolioe it is accoiDpsnied by lepU 
dine^, aa prepared fh>m nitrobenzeDe it is liable to retain the latter 
as an impurity. It ia in demand for color-manufacture and tor 
introdnction to medicinal OSes. FyridineiasUllpreparedfrom bone- 
oil, but should much demand arise for it, more favorable BODrc«s 
would doabtleas be found. 

About eight years ago tbe researches of many chemists reached 
the discovery of tbe pyridine type of constitution in several groups 
of the vegetaUe alkaloids. In some instances, as in the chief 
cinchona alkaloids, results have established a rational aromatic for- 
mula for tlie entire base as it exists in nature. Id other instances, 
tbe pyridine type boa been revealed, not at flrat in tbe natural al- 
kaloid as a whole, but in an alkaloid previously found to lie within 
tbe alkaloid of nature, and obtained therefrom by reactions fairly 
denoted as those of saponiQ cation. And before bringing up ex- 
amples of the pyridine and quinoline types of constitution, it is 
oecessory to summarize tbe principal sapcmiflable alkaloids with 
tbe products into which they split up. 

The aaponijication of alkaloids, as oocomplished in the last 
thirty years, corresponds, in Its delightfbl simplification of com- 
plex compounds, to the saponification of fats achieved over fifty 
years ago, — with this stiiking difTerence, that the chief or repre- 
sentative product of the saponification of an alkaloid is another 
alkaloid while the more elaborate product of the saponification of 
a fat is usually an acid. Indeed, in case of an alkaloid, its saponi- 
fication may be defined as the removal of an acid or other radical, 
by replacing it with hydrogen. And the saponification of alkaloids 
does not fulfil the accepted definition of chemical saponification, 
in that its resulting base In most cases does not appear in classifl- 
cation as an alcohol, nor is the subject of the decomposition classed 
as an ester. The saponification of alkaloids is instituted by ac- 
tion of an alkali then left in union with the resulting acid, or by 
an acid then left in union with the obtained new alkaloid, or by 
digestion with only water, which of course is always taken up. 
The following are representative instances of the saponifloationB 
of alkaloids : 

■for tbe msnoltaotDTeof cjuilna, thelepldiM !■ Docvsaary, para qui nolina not yield- 
In^ tU* bloc caloHni matter iBtraatmanI wllhamrtlodldg ud alkalies (Hoookwbkvf 
ud TAH Don, am- 
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Atropine with toater yields (ropine and tropic add (25). 

C„HaiNO, + H,0 = CH„NO + C;H„0, 

Aconitine with loofer yields amnine and benzoic acid (26). 
CaH„MOu + H,0 = C«H„NOu + CjHfi, 

Qxaine witli water yielda benxoyl-ecgonine and methyl tdooiol 
C„H„N04 + H,0 = C„H„NO, + CH40 (27). 

Benxoyt-eogonine with water yields «<^ntne and benzoic add. 
C„H„N04 + H,0 = C,H„NO, + C,IV>, 

N^arcotina witli wafer yields hydrocotamine and mecmune (28). 

CaH,NO, + HjO = CuH„NO, -|- C„H„0, 

Cevadine with vxUer yields cevine and methylcrotonic add (29). 

CfflH^NOg + HjO = C„H«NO, + C,HA 

Veratrine with wafer yields verine and uerofric acid. (29) 
C«H NOu + HiO = CmH^NOj + C,H„Ot 

Pipertne witii toafer yields piperidtne andptperic acid (30). 
C„H„NO, + H^ = C,HuK, + CaH„0* 

Each reaction of eaponiflcation here cited is limited to the sin- 
gle step taken in the appropriation of one molecule of water.' In 
the case of cocaine, a second saponification directly follows the 
first, and treatment may yield together the products of both reac- 
tions. 

After Gbevreul efiected the saponlScation of ordinary fats, it 
was a long time before the reverse change was obtained in the syn- 
thesis of fats fVom fatty acids and glycerine. But not so long an 
interval interposed between the analytic and the synthetic results 
represented by the saponification of some of the alkaloids. The 
constmction of atropine by union of its saponification products 
was brought aboat by Ladenbnrg in 1879 (31). The like synthe- 
sis of cocaine was obtained by Skraup, and by W. Merck, in 1685 
(32). 

The liability of alkaloids to saponification is a property that 
closely concerns the treatment tliey receive in manufacture and in 
pharmacy, and gives erplanation of numerous perplexities in prac- 
tical operations. These very perplexities have sometimes been 
assumed to show that results promised by theory fail to appear In 
practice, — a failure that finds remedy in this case as in many 
others, by a more liberal use of just the theoretical knowledge 

■AooordlDg to WrlEtatiJapaeonltlDe, irltb tbnw moleculet of witor, 7leldi two mols- 
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complained of. At &11 eventB, the operations of pharmacy have 
been the Bource of annambered contribations to the pure chemis- 
try of the iilkaloids, and this indebtedness of science pays honor 
to fwthful investigations, represented in a rich and extensive body 
of ptiarmacenticai literature. 

Betaming to onr inquiry into the discovery of the pyridine type 
of aromatic composition in the altcalolds, we find the last three 
years to have been a period of great attainment. It may be placed 
first that tropine, the common base of the entire atropine group of 
alkaloids, the midrlatic allcaloids of the solanaceee, is itself a de- 
rivative of pyridine. This was experimentally estabUsbed in 
1884 and 1885, by Ladenburg (S3), Hofmann, Hantsacb, and Ko- 
nigs. In 1882 Ladenbnrg bad termed tropine "a nitrogenous al- 
cohol of which the tropines are the ethereal derivatives." But 
after a succession of reports on the nature of tropine, beginning 
in 1861, Ladenburg has presented evidence, fully confirmed by 
others just named, that tropine is directly derived from pyridine. 
Starting with tetrabydro-pyridine, the introduction of au ethyiene- 
hydroxyl and a methyl, in place of two atoms of hydrogen, forms 
tropine; CjHj <CH40H) N (CH.). 

Fiperidine, the decomposition pivxlact of the alkaloid of black 
pepper, was shown by Hofmann, in 1879 (34), and by Ladenburg 
and Both in 1884, to lie a hezahydro- pyridine. Nicotine, the vol- 
atile alkaloid of tobacco, is a d i by dro-di pyridine, as claimed in 
1880 by Wischn^radsky (35). Conine, early classed as a sec- 
ondary amine, ia ascertained to be a propyl-piperidine (36). 

The alkaloids of cinchona barks, though counting over twenty- 
five in number, are certainly represented in their constitution by 
cinchottine, of which quinine is the oxymethyl derivative. 

In 1S81, Wischnegradsky deduced from his results that cincho- 
nine contains both a quinoline and a pyridine group, but accumu- 
lating proofs since render it strongly probable, if not certain, that 
cinchonine is a quite simple di-quinollne derivative (37). Start- 
ing with quinoline, then tetrahyd rated, two molecules unite by 
dropping a hydn^n from each, when oxymethyl is made to replace 
one hydrc^en for cinchonine, or two hydn^ens for quinine.'" 
This is by no means an account of the pyridine type as known 
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in all the alkaloida. Strychuise and bracine are the sabjecls of 
especial activity, aDd it ia vle&r that they are pyridine compoaodst 
as are also the alkaloids of opium. 

The evidence seems to he, at present, very strong, that, in gen- 
eral terms, the vegetable alkaloids are hydrogenized pyridine de- 
rivatives. Under the belief that any nsefbl uaderetandiog of the 
structare of these bodies mnat be based apon a full experimental 
acquMntance with the pyridine and quinoline series, there ia great 
activity in the study of the typical compounds. For some time, 
now, researches have been undertaken to find the positions of 
groups introduced into these bodies (38) . On the success of these 
studies of chemical poaltlon, the chemistry of the natural alkaloids 
will in the future necessarily depend. Until the isomerisms due 
to position are under control, there can be no distinction estab- 
lished between, for example, numbers of compounds, eaob having 
the same constituent groups represented in the present formula 
for quinine, or in that for atropine. Also the present acquaintance 
with plant bases, accumulated in the progress of analytical chem- 
istry, has still to be advanced, asa foundation for studies of chem- 
ical structure. 

General methods of synthesis of pyridine derivatives have been 
sought at many hands. The reaction of Hofteann, beginning with 
alky I iodide addition products, on subsequent exposure to a high 
temperature In sealed tubes, results in the substitution of radicals 
In pyridine compounds. The production of the hydrogen addi- 
tion compounds, as piperidine, ia effected only by the strongest of 
reducing agents, such as metallic sodium applied in alcoholic so- 
lution (39). This affords another illustration, that the most vi<v 
lent reducing agencies of the laboratory are required to accomplish 
changes constantly carried on by the silent forces of plants. 

At the present time, there appeal's a degree of enoouragement, 
that the synthetic manufacture of the alkaloids, hitherto obtained 
from plants, will sometime become realized as an industry. Not 
from the chance efforts of ignorant dreamers, nor fh>m any prema- 
ture short cutfl of special attempt, but, if at all, from the welt- 
earned pn^ees of the science of the world will these results be 
accomplished. 

A large amount of well directed chemical investigation in the 
service of manufacturing interests is devoted to reasonable ques- 
tions of new production of alkaloida — including the o 
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Ihose mora abundant inlo those more valuable. Artificial alka- 
loids of a composition allied to natural ones are being constantly 
put upon trial aa raepects their usefblneas in medicine and the arts. 
The periodicals of phannacy and medicine are thickly stiewn with 
records of the physiolt^icat power of new alkaloids, especially of 
quinoline deriyatives of many forms, " Katrines E. to Q.," " thal- 
Hnes," and " antipyrines," etiiyl morphine, and melliyl and ethyl 
strjchnino. It alionid not surprise us, if, at any time, artificial al- 
katoids should aasnme a commercial importance rivalling that of 
articles ah'eady brought into general use, such as carbolic and sal- 
icylic acids. 

IV. New Azo and Diazo Bases. 

It was said that the nitrogen of organic bases tn general, whether 
of the pyridine type or otiierwise, still conforms to the type of am- 
monia, preserving the valence and the character so welt known la 
ammoniacal compounds. To this statement perhaps an exception 
should be made, aa it does not apply to the diazo compounds. 
However, the diazo compounds are not distinctly bases, bnt act 
both as bases and as acids. The azo compounds, acting alone, are 
scarcely bases at all, but in conjugation as azo-amido compounds 
they imite with acids to form satis, and such salts owe much of 
their character to their azo-nitrogen. The nitrogen of the class of 
azo and diazo comiiounds in general is niti-ogen acting in a way 
intermediate between that of the basal nitrogen of the ammonia 
type and acidulous nitrogen of organic nitro-acids. And so far 
as they represent bases, the diazo and azo types of structure mnst 
l>e taken into account in a survey of the base-forming activities of 
nitrogen. 

The dinzo compounds were produced (40) shortly before the date 
of Kekul4'a lucid theory of aromatic chemistry ; the azo compounds 
were obtained (41) much earlier, bnt both classes of substances 
were seen through definite i-ational formulie after 1865 (42). The 
diazo group contains two atoms of nitrogen so interlinked that the 
group serves, with a valence of only two, to connect the benzene 
f;roup on one side with an acid or metallic radical on the other 
aide. Diazo compounds are very frail, readily breaking up with 
explosive violence, due to the liberation of free nitrogen. The azo 
compoauds, less instable, have the same bivalent group of two ni- 
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trogen atoms, here interposed between two benzene riagn. Wbu- 
ever be Uie trnth aa to the Talencea of nitrogen in the diazo groop 
it is impossible to avoid thinking tliat tbe two atoms are anited to 
each other by two units of volenoe of each : ( — N=N — ). Tbi* 
Stnioture, at all events, is wholly unlike that of the ammonia type, 
but bears some resemblanoe to that of isocyanogen. 

Almost innumerable color compounds of the azo and diazo for- 
mation hare been manofactured from coal-tar materia,ls, bnt not 
until now (to tbe writer's knowledge) bas the azo type been dis- 
covered in immediate relation to natural organic pi-oducts. 

This year Dr. V. C, Vaughn, from furtlier work upon the albnm- 
inoid decomposition produut tyrotoxicon (43), has aooounced tlie 
identity of this body with dtazobenzene (44), and says, "We 
think it highly probable that diazobenzene or some closely allied 
Bnbstance will be found in all those foods, which from putrefactive 
changes produce nausea, etc." The same author gives his ood- 
viction that diazobenzene, and possibly allied IkmIIcs, ai-e " transi- 
tion products of putrefaction." 

The study of albuminoid constitution has scarcely been enUreii 
upon as yet with advantage, and the relations of albuminoid nitro- 
gen may yet add new chapters of tbe highest interest in the history 
of this element. It has been deemed highly probable on certsin 
experimental data, that albuminous substances, like alkaloids, are 
built up through the transition of the pyridine compounds. On 
evidence just cited it may appear that the same l>odie8 are brokes 
down through the transition of the diazo compounds. Whatever 
may be in reserve for future chemistry, to come from the study of 
tbe proteids of food, its importance Is sure to belong, in greater 
part, to the chemistry of niti-ogen. 

In the brief and inadequate review now concluded, an early men- 
tion was made of those first two steps that counted so much tlien 
for progress, the making of methylamine by Wurtz, and the proof 
of primary and secondary amines by Hof>nauD. Of these workers, 
the one died only three years ago, and the other is living as an 
active promoter of science. The advances made in the lifetime of 
these men bring a deep sense of gratitude to tbe heart of evei? 
chemist. We pay honor to them for the good works they in their 
days have done, and we have been grateful, with them, for the ricli 
and beneficent fruits they in their lives have seen. 
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On the cosstitdents ot wild chekat bark (Fritkus entcmNA, Ehk- 
hart). Bj Fredkbick B. Power and Hemry Weoub, Madlaos, Wis. 

[ABtTIAOT.] 

The bu-b of the wild cheirj (iVuntu teroUna Ehrhnrt, P. virginiana 
Miller, Ceratut terottna Lolseleor) appcKre to have been Sret examined 
cbemlcall; b; Stephen Procter' who inferred the conetltDentB to be : ' 'starch, 
reeia, tannin, gallic acid, fatt; matter, Ugnln. red coloring matter, volatile 
oil, hydrocyanic acid, salts of lime and potaaaa, and iron." The hydrocy- 
anic acid was well Identified by Procter, and the volatile oil was observed 
to be "e:ttremely analogous In Its properties to the essential oil of bitter 
almonds." 

The next inveetigatlon of this subject was by William Procter, Jr.,* who 
proved that the volatile oil and hydrocyanic add do not preGzlat In the 
bark, but are formed from a principle "which acts as amygdalla, and a 
decomposing agent which, like emulsin, la rendered Inert b; ebnIUtlon." 

It was formerly sapposed that the bark alao contained phlorizin, bat 
this principle conid not be found therein by Mr. Perot,' and the editors of 
the U. 8. Dispensatory, xv edition, p. 1194, therefore express the opinion 
that "the tonic property must reside either In the portion of amygdalln 
which may remain undecomposed. In the pure volatile oil resulting from 
Its reaction wttb water, or In some yet undltcovered principle." The cor- 
rectness of these Inferences the editors state, lac. eit., would seem to be 
proved by an experiment of Professor Procter, " who found the bitterness 
of an extract of the bark to remain after It had been wholly deprived of 
amygdalln." 

From the time the above mentioned investigations were niade to the 
present day moat of the commentaries and text-books ou materia medlea 
liave conClnued to make the unquallQed statement that wild cherry bark con- 
tains amygdalln and emulsin, notwithstanding the fact, as a perusal of the 
original papers referred to will show, that neither of these substances 
has as yet actually been Isolated from this scarce. 

It might. Indeed, seem reasonable to conclude that, since wild cherry 
bark. In contact with water, affords benzaldehyde (bitter almond oil) and 
hydrocyanic acid, these bodies most be formed from principles IdenUcsl 

1 Aner. JODro. Phuin., 18H, VI vi. p. 8. • IMd. 1BS8, Vol. Z, p. lltT. 

* Ibid. 16H, Vol. XZIV, p. 111. 

(181) 
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with those contained In the bitter almond, which, as Is well known, Iiat* 
already been Isolated, and thetr chemical and physical characters deflait«l; 
and accarately estabUahed. 

This Inference, however, Is not neceBsartlj correct, since Rlttbansen and 
Kreoster* have shown that veteh seeds afford benzaldehyde and bydrocfMik: 
acid, although the; do not contain amjgdalln; and a still more Interoatii^ 
example from the animal kingdom is presented by a rayrlapod belonging to 
the genus Fontaria, which, when Irritated, dlUbses the odor of hydrocyanic 
acid, and, upon distillation with water, affords the latter substance, to- 
gether with benzaldehyde.* The enbstance which, in tills Instance, by the 
action of a ferment, affords these principles cannot be Identical with amyg- 
dalSn, since It is solable in ether. It has also been proved that cherrj' 
lanrel leaves do not contsJn crystallizable amygdalln, although upon distil- 
lation with water they affbrd products analogons to those of the bitter 
almond.* 

The coactnaion that wild cherry bark contains amygdalln' appears more- 
over, independent of its botanical relationship with the bitter almond, to 
be based entirely upon the fact that Procter, by appropriate treatment, ob- 
tained a colorless aqueous solution, which. In contact with emuldu, devel- 
oped hydrocyanic acid and benzaldehyde. 

In the " Pbarmacographla," second edition, p. 264, In connection with 
the subject of wild cherry bark, the authors make the more reserved state- 
ment that ■ ■ the bitterness and odor of the fresh bark depend no doubt on 
the preaenceof asubstanceanalogousto amygdalln, which hasnot yet been 
examined." 

It was, therefore, with an endeavor to ascertain whether crystallizable 
amygdalln was contained In, or conld be Isolated from, wild cherry bark, 
as also to obtain some further information regar^ng the supposed distinct 
bitter principle, that the following preliminary investigation was nnder- 
taken. 

1. Exambiatlon for Amfgdalltt- 
One kilogram of the bark, in No. 40 powder, was digested with 9E per 
cent alcohol for half an hour on a water bath. The liquid was then Altered 
and the residue treated repeatedly in this manner until the filtrate was 
nearly colorless. This liquid was then distilled until two-thirda of the al- 
cohol was recovered. The residue had a very dark color and a strongly 
astringent taste, dae to the tannic acid. In order to remove the latter the 
llqnld was digested with oxide of lead, subsequently allowed to dry with 
the Utter on a water-bath, and afterward extracted with strong alcohoL 

* FlBoklser'B Fhannskoinioaie, MoDnd edit., p. 9U lad Jalireibsrioht der Cbemie, 
1S70, p. ssa. 

■ FlUcklger, loe. «it. p. 9«l and Bar. d. deutecb. Cbem. Ora. ISSS, p. n. 

• lahrasberloht dsr Pbu-m., Mo., 18T1, p. 1B7. 

' Our referflQcei to umfgdalla In this paper wilt bo andenlood u relbrrlng Co pure, 
ei7Btal] liable principle, CkB«7<0„ whlcb ms; k> eaiU; b« abtilned ttom tbe bluer 
almODd by the prooee* of Lleblg t WOhler. 
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The filtered alcoholic liquid had a light green color, and still contained 
considerable tannin. It was therefore again evaporated, whereby conrid' 
crable cblorophyll separated oat, was treated with a second portion of ox- 
ide of lead and Altered. The flltrate now obtained was of a light brown 
color and gave but a alight reaction for tannin. It was evaporated to one- 
half its volume, when a small amount of reainous matter separated, which 
M'as removed bj flltraUon. This flltrate, which was of a Itgbt yellowish 
color, developed a strong odor of hydrocyanic acid when mixed with an 
emnlslon of sweet almonds. It was alloived to ev^Mrate spontaneously 
until tt ultimately asaomed the form of a thicic aymp, but separated no 
crystalline substance. 

//. Ezamtnatlon for Emultta, 
Five hundred grams of the bark, In No. 40 powder, were macerated with 
cold 96 per cent alcohol for twenty-f onr hours, in order to extract as much 
as possitile of the amygdalln or other principle which would react with the 
einulsin when subsequently treated with water. The alcoholic liquid was 
Altered off, and the residual bark dried withont the lUd of heat. The bark 
was then macerated for twenty-four honra with cold water, when a slight 
odor was developed indicating that the amygflalln-llke principle had not 
been completely removed by the previons treatment with alcohol. The 
aqoeoos Uqnid was now filtered, and to the flltrate a large volnmc of alco- 
hol was added which produced a floccolent, whitish precipitate. This 
was collected, dried without the aid of heat, and then bronght In contact 
with an aqneouB solution of pure, crystallized amygdalln, but no odor of 
hydrocyanic acid was developed. This experiment would indicate that the 
peculiar ferment principle contained in wild cherry bark Is not identical 
with the emulaln of almonds, or at least that it Is not easily Obtained by an 
analogous process. Ita separation therefore still remains to be accom- 
plished. 

///. Bxamtnatfon for a Bitter PrtnetpU. 

Since Procter, as previously stated, fonnd the bitterness of an extract 

of the bark to remain after it had been wholly deprived of the so-called 

amygdalin, an experiment was made to ascertain the presence of a distinct 

bitter principle. 

A portion of the bark which liad previously been extracted with warm 
alcohol was digested with water for half an hour on a water-bath and fil- 
tered. The flltrate had a slight odor of hydrocyanic acid, indicating that 
a small vnonnt of the amygdalln-Uke principle had escaped extraction by 
the alcohol. The aqneous flltrate was now precipitated by basic lead ace- 
tate, Altered, and the excess of lead removed from the flltrate by hydrogen 
anlpbide. The flltrate from the lead sulphide was evaporated to a small 
Tolame on a water-bath. It was strongly acid, owing to the acetic acid 
formed In the liquid throngh the decomposition of the lead salt, but with- 
out any marked bitterness. Tannic acid produced In the liquid a very 
Blight precipitate, which was so small that It did not admit of further ln< 
vesHgation. 
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An attempt to isolate the bitter principle of wild cherry bark was also 
made some years ago by Mr J, L. WiUiams' who pnrsned a different proc- 
eas, but which was not attended wltb very sattefactory results. 

It ts qult« evident from these resnlts that the bark does not contain any 
appreciable amoont of a bitter snbatance, which, like most representatiTes 
of the class of so-called "bitter principles," la precipitated by tasaic add. 
On the other hand, experiments, to be anbseqnently described, lead ns to 
conclade tliat the bitterness is due to anotber peculiar, crystalUzabte prin- 
ciple, which is obtained in qaite a dUTtrent manner. 

IV. Second Examination for Amj/gdalin, 

Since the first endesTor to Isolate cryatalUzable amjgdaUn from the baik 

was onsnccessful, another experiment was made, based, with necessary 

modifications, apon the process employed by Liebig and Wohlei' for the 

preparation of amygdalin from bltt«r almonds. 

One kilogram of the bark, In No. iO powder, was exhausted on a waten 
bath with hot Bu per cent alcohol. The Hqnld was then filtered and dis- 
tilled until flve-sisthB of the alcohol had distilled over. The alcoholic 
residue was then shaken with half Its volume of ether, and allowed to 
stand for twenty-fonr hours, but, as no precipitate formed, the ether was 
allowed to evaporate from the mixture spontaneonsly. The resldoal liquid 
was then treated with a solution of gelatin In order to remove the tannin. 
This formed a dark, leathery precipitate, which was filtered oflT, and the fil- 
trate evaporated on a water-bath to one-third Its volume. The excess of 
gelatin was removed from this liquid by means of strong alcohol, the pre* 
cipltate filtered off and the alcohol removed by evaporaUon. A small por- 
tion of the llqnid was now tested with an emulsion of sweet almonds, 
when a strong odor of hydrocyanic acid was developed. The entire liquid 
was then evaporat«d on a water-bath to a small volume, and placed In a 
desiccator over sulphnrlc acid to ascertdn whether any crystalUne sub- 
stance could be obtained. After standing for twenty-four honrs the liquid 
became thick and syrupy, and was found to cont^n considerable quanUUn 
of sugar. Since the latter substance could easily prevent the cryslalU- 
latlon of any other principle, the first at*p was to effect Its removal. Be- 
fore doing so, however, a preliminary experiment waa made with a solotion 
containing pure, cryatalUzed amygdalin, grape sugar and yeast, in order 
to determine whether the process of fermentation would destroy the amyg- 
dalin. This was found not to be the case, and therefore the syrupy liquid 
obt^ned from the bark waa treated with yeast, and the sugar completely 
' removed by fermentation. The fermented liquid had an odor of hydrocy- 
anic acid, and afforded a strong reaction for this substance with Schfio- 
betn's test. It thus seemed evident that a little of the principle coulahted 
in the llqnid had become decomposed by the action of some albuminous 
substance of the yeast. The filtered llqnid, however, when test«d with so 
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emolsloii of eweet almonds, stQI developed a etroDg odor of hjdrocyanlc 
acid. It was now allowed to evaporate in a desiccator over snlpliDric acid, 
bat afforded tdtlmatel^ a thick, syrnpy Ilqold ttom which no crjatalllne sub- 
stance conld be obtained, although It was perfectly free from angor. 

The endeavors to obt^n crTStalllzable amygdalln from wild cberr; bark 
are thus seen to have been attended with negative results. The substance 
contained In the bail, which, in contact with emul^n, affords benzaldehyde 
and hydrocyanic acid, could only be obti^ned In an amorphous, extract-like 
form, resembling more closely In Its general properties the so-called lanro- 
ceiu^n" of cberry-laorel leaves, to which the formnla C4aUsrKs]0 has been 
assigned. 

F. A FluortfXta Principle. 
The sympy liquid above described, from wbicb the sogar had been com* 
pletely removed by fermentation, was fonnd, upon the addition of alkalies, 
to develop a handsome and Intense bluish fluorescence. The liquid was 
shaken with ether which took up the flubrescent principle and left it upon 
eponhineous evaporaUon in the form of small, needle-sliaped crystals. 
They were puiifled byrecrystalllzationfrom ether, and were thus obtained 
quite colorless. The crystals are sparingly soluble In cold water, bat dis- 
solve readily in hot water. The oqaeous solution, even when very dilute, 
shows a handsome blue SuoreBcence, which Is much Intensified on ihc ad- 
dition of ammonia or a fixed alkali and Is destroyed by acids, but may be 
again developed upon superssturatloD with an alkali. The crystals have 
no odor, but possess avery bitter taste. They fuse at about 158° C.' They 
give no reaction for sngar until after heating with a dilute acid, thus indi- 
cating the substance to be a glncoside. 

Mi. B. Bother" has also recently directed attention to this fluorescent 
principle, which lie obtained by a somewhat pecnllai and very circumstan- 
tial process, In apparently small amount. It therefore seems proper to 
state that we bad obtained the fluorescent principle In a crystalline fonn 
several months prior to the publication of Mr. Bather's paper. The latter 
gentleman states regarding It that, "Judging tram Its crystalline form It 
does not appear to be mandellc acid, a decomposition product of amyg- 
dalln. It may, however, be au analogue, or a substituted derivative of It. 
This conjecture leads to the legitimate question, whether or not It Is amyg- 
dalln as snch, from which the benzoic aldehyde and cyanhydrlc acid of 
syrup of wild cherry result." 

The conjecture regarding the Identity of this flnorescent principle with 
omygdalin may be at once dismissed, for our Investigation leads us to be- 
lieve that wild cherry baik does not contain cry s tall Izable amygdalln. The 
latter substance Is furthermore Insoluble In ether, and perfectly devoid 
Of fluorescence In either a purely aqueous or an alkaline sotntlon. The 
flnorescent principle also ^pears to differ In some of Us properties from 

lit., p. TU, *nd Jahraaberlcbt der Phana., eto. 
*> Amer. Joun. Phsna., 1887, p. 18B. 
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AMCDlIti, although the melting polats of the tvro sabstances tn qntb 
closel; connected. 

To snmmarize the reaalts of this luTestlgstloD, which ire can only R|!V' 
«e prethnhiary to tt more complete study o( the subject, we may form *e 
following conclusions ; 

1. That wild cheiTj bnrk does not cootaln cryatalUzable amygdftlla, M 
an uialogoDs sabstance, possessing a somewhat bitter taste, and as J«t 
only obtainable In an amorphous, extract-like form. As before obserttd. 
It appears to be more closely related to the so-called laaro-c«rasin of cbenj 
laurel leaves. 

2. That the ferment principle contained In the bark Is not Identical vltk 
the emulain or syuaptose of almonds, or, at least, cannot be isolated bj u 
analogous process. 

3. A fluorescent principle exists In the bark which crystallisca In colo^ 
less needles and has the characters of a glucoslde. This substance, whose 
elementary composition and chemical properties we hope more folly to <^ 
terraloe, also appears to represent the peculiar bitter principle of the but 

Univerfitti of WUconttn, Juljr, 1887. 



O.t THK TATTY ACIDS OT THB DRTINO OILS, By pTOf. L. M. NO«T0», 

Mass, Inatltnte of Technology, Boston, Hass. 

LiK(»LFic acid Is first discussed and the probability that It poesessas (bt 
symbol CuH^Oi Is discussed. The author then ahows that the fatty*''. 
Ids of the drying oils are either volatile In vacuo or give volatile prodocu- 

The properties of the volatile product to be obtained from llnoleic acM 
are given together with the analysis symbol CtoH^gO] and a similar aerlei 
orexperlraentauponrlclnolelcacld are also described. It seems likely tA<' 
thla metliod of eiamlnlng these drying acids will shed ranch light on 111* 
composition of the drying oils. It Beema certsln that the conatltntlop ol 
the drying oils Is complex and that the simple acids previously aupposed 
to exist In them are mixtures of several acids and that among them la one 
Important one, CioHssOa. 



Prbcbktaob op abh in human bomrs ot diffbrent ages.* By ProC- 
WiLUAM P. Mason, Rens. Poly. Inst., Troy, N. Y. 

[ABSmACT.] 

Thu paper Is little more than a table, giving per cent of inorganic ma- 
terial In the bones of anbjects, whose age, sex, color, nationality, occnp*' 
tlon, habits and fatal disease, are more or less known. The chemical woi* 
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has been Bnpplemented hj breftklug colamns of the bones (of BtaDdard 
size) on & testing macblne. Tb« tii*eatlg&tton was oMgloallj startod 
'wltb a view of dctarmlnlDg tbe canse uf the iDcreaae In brittleness with 
advancing jeara. Notbiogmore Is attempted at tbis time than a report of 
progress, bat enongh booes have b«en examined (B/t;) to show tbat tbe 
popular notion that tbe earth; constltaents Increase tn amonnt with age, 
la wlUioal foandatton. The work Is nnflnlshed, but the report on It la 
made ao f&r as It has been pnrsned, In view of tbe exceeding dKBcaltj of 
obtaining snpplles; and, also. In part, on account or loss of material 
through bnmlDg of tbe laboratory. It will take some considerable time 
to collect new specimens. 



AuOOIfT OF MOlSTVtCE LETT IN A QAS AITKR DRTIMQ WT PHOSPHORUS FXM- 

TOXiDB. By Prof. Edward W. Horlkt, Cleveland, Ohio. 
[ABST&AOT.3 

Two experiments have been made by drying air with FiO,, and thpn 
passing It throagh a weighed ap para tns where the sir Is flrat Bll£htlT 
iDolBtened, then expanded, and again dried by F,0,. Tbe loss of weight. 
If any, In this apparatus, Is due to the amonnt of moisture remaining In 
the volume added to the air by expsnalon. In an experiment where this 
IncreBse waa about ITDO litres, the loss of weight was less than ^ mg. ; 
fn an experiment where the increase of volume was 2600 litres, the loss of 
weight was ratber more than ^q- mg. 

If we could consider the figures as exact, they would show that j mg. 
moliitnre la left tu 10,000 litres of air after passing, 76 Hires an hour, 
throagh a column of PgOt 3 cm. In dUmeter and 8 cm. long. But It Is 
obvious tbaC tbe experiments fall to prove that any moisture Is left un- 
absorbed, and do prove that. If any. It cannot be detected with any prob- 
ability Id 4S00 Utres of a gas. 



iMFROVBHEMT IN STAND POR BLECTItOLTSIS. Bj Frof. WlLLIAM HaLB 

Herrick, State College, Pa. 

[ABBTBACT.] 

Addition to stand described by v. Malapert, In Zelts. Anal. Cbem. 20, 
C3, allowing the use of platinum dishes for electrolysis, and the heating 
of Bolatlons therein. 
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Cauibs, pkoqbbss and oubb ow the kpidemio of typhoid fkvkb at 
Ut. HOU.T, N. J., June, 1BS7. B; Dr. Albert B. I^keds, HotxAeo, 
S.J. 

[ABaisAcr.1 
Tre privat« corp«i«tlon snppl; log Ht. Holly, a town of six ttaotuand 
inhabitants, with water, located the Intake of Its pamplng-Htatlon npoa ■ 
small mlU-Tftce connected with Raneocaa Cieek. When the mill was ran- 
nlng, water paBsed through this race, otherwise not. The intake was a 
crlti placed in an angle along this race, and oat of the little carrent flow- 
ing therein. The suspended mad settled in this crib and flowed down aa 
inclined pipe Into the pamp-well of the pomplng-englae, aud waa draws 
up and discharged with the water In the town. The water In Hancocas 
Creek Is at all times coB!^ colored, from the dissolved peat derired trom 
cedar swamps In Its drainage-basin, bat has not been known to originate 
gastric dIstnTbances in consetiuence. Prior to the recent epidemic there 
had been typhoid fever In SmUhvUle, a village located on Rancocas Creek, 
fonr miles above Ht, Holly. More especially there had been a fktal case 
In a house, which communicated by a drain pipe directly with the creek, 
this drain being less than 100 feet in length, and all the dejecta of the pa- 
Uent being cast into the drain wlthoat prior disinfection. This case had 
continaed antll Hay, and In the latter part of that month, typhoid fever 
broke oat In Mt. Holly, those attacked in every instance using the Rodcv- 
cas Creek water. 

As the circum stances, the period of Incabatlon, and the lack of other 
eqaallj plausible explanations, pointed to the defllement of the water by 
Infected sewage at Smlthvllle, I compared the analyses of the water, bodi 
chemical and biological, sample I being taken above Smltbvllle, and sam- 
ple II (rom the intake of the Ht. Holly pnmping-station. 

I II 

Free ammonia, 0.002 pts. per 100000 

Albaminold ammonia, O.Olfi " " " 
Oxygen required to oxi- 
dize organic matters, 46 " " " 0.65 " " *' 
Thongh in each case the flgeres Indicate larger percentages than sboold 
be present in water of satisfactory quitllty, and though that taken from 
the intake shows manifest contamination, yet the chemical auatysls aloee 
woald have been quite Inadeqaate. But by gelatine-peptone cultarei, I 
found there were present In the Smlthville sample, only fifty bacteria per 
cable centimeter, while In the sample from Ht. Holly there were SuOO per 
cubic centimeter. Very remarkably the fifty were, as fbr as could be de- 
termined, of one species,— the common Saeterium t«rmo; while the 8000 
were mostly one, but that of a different species, the Baeterium liTuola. 
These are scavenger-bacteria, and I do not by uny means assert that these 
bacteria n«re the speciflc bacteria of the typhoid lolecUon. It la posidble 
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these had all gone past the InUhe At tbe time when I collected the skm- 
pleB, Jnly 21. An ezamlDRtlon of the deJecU of two patients showed fta 
Immense uamber of ft straight bacilliia, 0.006 mm. In length and 0.0009 
ram. In breadth. Tba small Intestine, obtained from an autopsy, reTealed 
a vast number of micrococci. Tbe bscUlas of Eberth, supposed bj 
some to be the specific bacillus of tjpbold, I coald not And. Tbe moat 
surprising resalt, and one of the greatest practical Importance, waa this: 
— On adding one half a grain of alum to the water taken at the Mt. Holly 
Intake, the peat wae precipitated, the liquid becoming colorless and lim- 
pid. On drawlDg op In a pipette a sample of this clarlfled water. It was 
found to contain only eighty bacteria per cubic centimeter. On Altering 
through a double thickness of stir rill zud filter-paper, the flRratewas found 
to contain no microbes whatHoever, so far as the method of gelatine-pep- 
tone cultarea was conclQalve on this point. I would, therefore, advocate 
the use of this mlunte amount of alum, which Is too small to be detected 
by the taste, and which moreover Is subsequently precipitated In combi- 
nation with the peat, as an effectual method of sterilizing sach waters, 
and coupled with proper filtration, of reuderlng them wholesome and safe 
for drinking porposes. 



A NEW HBTBOD FOR THE PREPARATION OF ANHYrhOCS ALUMINUM CHU>- 

KiDB. Bj Frof. C- F- Habkry, Cleveland, Ohio. 

[ABSTRACT.] 

WiiBK dry hydrochloric acid gas Is passed over an alloy of copper and 
aluminum heated belon redness, the alnmlnuni Is completely converted 
Into the chloride while the copper Is hardly affected. The formation of 
the anhydrous chloride proceeds most satisfactorily when tbe alloy con- 
taining from Bfteen to forty per cent of aluminum Is pulverized and raized 
with fine charcoal to prevent the copper from nnitlng In a solid mass. 
By this method anhydrous chloride may be obtained free from Iron or ail- 
Icon. The anhydrous chloride Is also formed nhen dry hydrochloric acid 
gas is allowed to act upon aluminum as It Is reduced from the oxide by an 
electric current. 



Thr acriON op aromatic amines upon crrtaik suBSTrrrrED onsatu- 
RATEI> ACIDS. By Frof. C. F. Mabbrt, Cleveland, Ohio. 

Thr vigorous action that the aromatic amines exert on the substituted 
acrylic and proplollc acids results in tbe elimination of tbe halogens and 
frequently of tbe carboiyl group. WlthaulUfie In alcoholic solution, brom- 
a. A. a. B. VOL. xxxn. 
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proplollc ftcid gfr«B a product which ie ahoira br atulrata to hare the for- 
maU, Ci4 Hm Ni. Thta sabstaoce foriiu a chloride Cu Hm Ni CI and a 
pUllDom salt Cu Hu Ft Cl«. Its melting point la lS«o which shows that tt 
iB not dlamldo attlbea (melting point 170») with which Ita empirical Itor- 
rnnla appeara to be identical. Analogous products are formed b7 the 
action of the tolaldlnes npoe bromproploUo acid. Faratolnidlne givea a 
product with the formula Cu Hig Nj. It forms a chloride Cu Hu Nt C3 
andaplatlnumsaltCit HxiBf PtClg. This aubatance melts at 116°. The 
prodncta of the reactiona with ortho- and meta-tolntdines and with other 
amines await examination; alao thoae of similar reactions which take 
place with the snbstltoted acrylic acids. 



CoKeTiTUTioii or thb atJLPHtnt coupounps ih gkodb petrolbum oua. 
(Frelimlnarj notice). B; Prof. C. F. M^bet, Cleveland, Ohio. 

[lAITRlCT.] 

The sniphnr componnds In crude petroleums distil at all teraperatores 
lu the .process of refining, although we have found by analysis of the dif- 
ferent fractions that they collect In the largest quantity between 200" and 
800°. They are not extracted in any considerable quantity by alcohol, 
this alcoholic extract usually containing about one-third of the sulphur In 
the crude oil. As Is well known strong sulphuric acid removes the sni- 
phnr compound to a large extent from the crude oil With the formation as 
It appears of a aolpho-acld. Upon neutral I latlou of the acid nlth plumbic 
carbonate a lead salt remi^us in solution and It may be recovered by evap- 
oration to dryness on the steam bath. This lead salt appears to tre quite 
unstable and at higher temperatures It Is decomposed with the formation 
of plumbic antphlde. 

These sulphur compounds are at present under examination. 



POBITIVB iVD NKQATIVa CNTTB OF VALBKCB. Bj PrOf. ALBERT B. 

FRBacoTT, Ann Arbor, HIch. 

[ABSTEACT.] 

A discussion of some features of a working theory consistent with the 
nae of positive and negative "bonds" iu the notation devised by 0. C. 
Johnson' for equations of oxidation. Looking at chemism as a nnlon or 
capacity for nntoD of opposltea — a anion by the positive action of ane 
atom with the negative action of another atom — we may consider Talence 
to be a numerical measure of the exercise of cherolsm. This measure, 

1U80: C3um.JfiM, a, tl. 
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then, win be, tint, u to tbe extent ol chemlsm, expreMed by the tiamber 
of DQlta or valence ; And, secoDd, ae to the polarity of chemlsm, denoted 
by these units being posUlre or negative. In & relative aenae'. All the 
valence onlts of an atom, as related to oUier atoms In a molecule, may in- 
clude both postClve and negative nnlts. It Is only the algebraic mm of 
the positive and negative nnlts of valence of anjt element (or atom In 
combination) that is taken Into account In Professor Johnson's notation. 
ThtH sum of tbe positive and negative anits afaoald not be mistaken for 
theentJrennmberof different nnlts of valence, tbe latter nomlMr being all 
reqnlred for constitutional formnlffi. 



Akaltsib of two MAMQANfUK HiMRRAL vtatkhs. By Frkd. Q. Novt, 
Ann Arbor, Mich. 

[IMTBACT.] 

Thb paper presented the results of the analysis of two mineral well- 
waters from Eennedole, Texas. These waters are Interesting because 
of the large amount of manganese sulphate which they contain. One 
contains 1G.81 grains per gallon of that salt. This reprearnts the largest 
amonntof manganese reported upon as being present In any mineral naitr 
of the United States. A short compsrlaon Is made of the quanUtles of 
mangsneee salts contained Id other springs of this country. 



[IBSTRICT.J 

Tub paper embodies the study of some of tbe derivatives of cocaine or 
methyl benzoylecgnnlne. The compounds described are fOurln number 
and are as follows; ethyl benzojlecgonlne, monobrom ethyl benzoylec- 
goiiln«, propyl ben toy lecgonlne and isobntyl bensoylecgonlne. 

The first-named compound is the ethyl esther of bensoylecgonlne. It 
reci7stall1zes from alcohol Id large, clear monocllnlc firisms wblch melt 
at 10T°-I0B°. It forms easily crystalllzable salts. The hydrochloride 
crystallizes in beantirDI, colorless needles or prisms and Is readily soluble 
In water and alcohol ; Insolable In ether. Its behavior to reagents Is given 
in detail. 

The second compound named above Is obtained by heating benzoylec- 
gonlne with ethylene bromide and alcohol In a sealed tobe. The free al- 
kaloid Is colorless symp. Tbe hydrochloride Is likewise amorphous. 
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The tbird com[K>DDd described, or propyl beniojlecconlne, cTTstaSitu 
In floe colorless prisms or silky needles. It melta at Te°-79.6'> uid Mild- 
Ifles sgalD ftt 660. The bydrochlorld* ts ordinarily In a a;rcp7 condition. . 
bnt when kept for some time OTer sDlphnric add, it yields a mass of Sue, { 
irhlte crystals. 

The isobutyl derlTatiTe, prepared like the preceding compooads I>y 
heating beoEojIecgonine with Isobatyi iodide and the corresponding alco- 
hol In a sesJed tube at M°, crystallizes Ttam alcohol in short, coIoHcm 
prisma which melt at 61-62<>. The hydrochloride solidlflea over anlpharle 
acid to a hud yellowish glassy mass. 

All these componada possess a bitter taste and annathetlc propertlea. 



On the ocouBiutKOE m kxturb or a oopfkr antimonidk. B; Prof. T. 
H- NoRTOK, TIniTerslty of Cincinnati, Ohio. 

[ABBIXACr.'] 

The author describes a large deposit of copper antimonide recently 
discovered In Asia Minor near Hytilene. The mineral ts of a sllTerf 
color, very Instrons, and has & epeclflc gravity of 8.8. The forraali la 
Cuii Sb . This la the second antlmonlda foand In nature, sliver ao- 
tlmonlde being the only other thna ftir known. Its purity and accessibil- 
ity render It probable that the mineral wUl be susceptible of advontogeoai 
metallurgical treatment. 



A KKW APPARATna FOB FRACrrioNAi. iiistili.atiok. By Prof. T. H. Noa- 
TOK, University of Cincinnati, Ohio. 

fABSTKAOT.*] 

The new apparatus Is based on the principle of a rapid separation of 
vapor from condensed liquid in the upward current of a still, in opposi- 
tion to the ordinary principle of a tborongh washing of a current of va- 
por in the products of partial condensation, as eiempllQed In the ordinary 
types of laboratory distilling apparatus. Experimental data are given, 
showing that the fractionation accomplished by the use of the new type is 
fully as effective as that obtained by the use of the older forma. 

> PnbUsbed In Amer. Cbem. Joam. 
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Ckbtatk aij/>ts or oaloiuh 4HD zinc. By Prof. T. H. Norton, Unl- 
veislty of Clactnnatl, Ohio. 

Thk method of Caron for preparing ft zlnc-calclam alio; by heAtlag to- 
gether mixtures of zioc. aodlnm and calclnm cblorlde was examined nltli 
the view of ascertaining the limits of the amonnt of c&lclura which coold 
be obtained b; this means In the metallic form. It was fonnd that tba 
method Is not capable of yielding alloys containing more than T per cent 
of calctam. Alloys containing S-6 per cent are veiy brittle, do not lose 
their lastre Id the air and melt at MO". 



On the BiLTs or BKNZBira-flULPHONto acid with tbi auikbs. By Prof. 
T. H. NoRTOH, UnlTerslty of Cincinnati, Ohio. 

[ABSraA0T.l1 

Ik view oftbe Dust that no derivatives of the aminea aod the aromatic 
solphonlc acids ftre thus for known, the antbor has prepared the salts 
formed by beozene-sul phonic acid with twelve of the more important 
amines. These salts are all anhydrous and crystallize readily. Those 
fbrmed with the fittty amines are very dellqaescent. The author has ex- 
amined the applicability of Pearson's method for the deterralnatloD of sul- 
phur, to the analysis of sniphonates, and finds that In point of accaracy, 
almplictty and economy, it Is far soperlor to the methods now In vogoe. 



SOMB mw MCTiUJO SALTS 07 BBHZBttK BULPHONIC AOD. By Prof. T. 

H. Norton, University of Cluclnnatl, Ohio. 

[ASBTRAOT.>] 

The newcompoanda described Inclnde the mercarons, cadmium, man- 
ganese, nickel and cobalt salts of beniene-salphonlc acid. All crystallize 
finely except the mercnrons salt. 



D. By Prof. T. 
H, Norton, University of Cincinnati, Ohio. 

, [ABBrRACT.II 

Tbb sDthor describes a series of ten amine salts of para -tola ene-snl ph- 
onic seld. They all crystalline without water of crystalllestion. Those 
containing animes of the fatty series are exceedingly dellqaescent. 

■ Pibllihed Id Amer. Chem. ^anrd. 
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On tbb action of biuook fjlttokidb or aotomb. Bj Prof. T. E. 

NoRTOK, Uni*«rei^ of CinclDnatI, Oblo. 

tAHSTBlOT.') 

Acetone abaorbB silicon fluoride to the extent of IS per cent of iti ows 
neigliC. On ftactlODftting tho product, two llqalds are obt&laed, bdUi 
bolllDg between 90° and 100°, but non-mlsclble. One !■ lighter th&n wat«[, 
easilr decomposed and seems to be ft compooud of acetone wltfa an ex- 
ceeding]; small amount of silicon. The other has a epeclflc psrl^ at 
1.8S, contains bnt little carbon and a large amonnt of flnoriufi. 



On thb umtts of thk dibbct bhominatios of acwtovk awd ok rai 

ACTIOM BETWEEN IMMONIUM BDLPHOCYANIDE AND IfONOBKOMAC»' 

TONE. B; Prof. T. H. Norton, University of Cincinnati, Ohio. 

lABSTBAOI,'] 

When bromine Is added slowly to ice cold acetone, the bromine Is sob* 
BtltDted for hydrogen, nntil a liquid Is obtained containing abont equal 
proportions of monobromBcetone and dlbrom acetone. Beyond this point 
decomposition accompauiss the farther action of bromine. A anppoKd 
additive prodQct, Cg Hs CIO Bra, mentioned by Llnneman Is shown to con- 
sist merely of monobromacelone and hydrobromlc acid Honobromsce- 
tone, when exposed to the action of ammonlnm SQlphocyantde, 4oeB not 
give rise to snlphocjan-proplmlne as Is the case with Its homologne 
monocbloracetone. 



On the action of chlorinb on ACRNAParBiMB. By Prof. T. H. Nob- 
ton, University of Cincinnati, Ohio. 
[abstkaot.i ] 
Dry chlorine attacks acenaphthene readily In the cold, giving rise to 
trlchlor-acenaphthene, a noD-<:rjBtaIllzable liqnld of anetable natore. 
Before complete SHtaratlon by chlorine, this llqntd possesses brilliaat bine 
fluoreaceiit properties, which are, however, lost belbre the operation U 
complete. 

> Pabllihed in Amii. Cham, Joarn. 



jM,Googlc 



On ths muMAxn of uihoniuh and thb umos ov thi i>attt sbbtu. 
By Fro£. T. H. Nobton, UalTenitr of Clnciniuti, Ohio. 
Labitkaot.<] 
IiiaTAKCBS of normal composition among the nnnates of the met«lllc 
bAsea are rare. The aothor has prepared aranates ot Uie organic bases 
and flnds tbem to be tlkewiae not only of abnomial bat of variable com- 
position. This ia llkewlae tbe cue with ammonium aranate. The aran- 
ates of the amlnea of the fatty series are stable componods, amorphous, 
insoluble, and ranging In color from canary yellow throagh orange to 
brown. The compoands with the aromatic amloea are exceedingly nn- 
•tftble. 



SoHK NSW Mrnto-rBuaeiDKs. By Prof. T. H. Norton, Unlrerslty of Cln- 
cinnatl, Ohio. 

LlBSTSAOr.^l 

The new nltro-pmasldes obtained by the anthor are the csdmlnro, ner- 
cnroDS, nickel and cobalt salts. All are Insolnble In water, and with the 
exception of the cadmlnm coroponod, extremely susceptible to decomposU 
tlon, eapecially in snnllgbt. 



CoifposmoH or Loceport samdstonk. By H. W. Weld, Dalrersity of 
ClDclnnatl, Ohio. (Bead by Prof. T. H. Norton.) 

The anthor flnda that the stratum of Medina sandstone, whence the 
famoDS Ix>ckport sandstone Is qnarrled, contains over 9S per cent of silica. 
Such a high percentage of silica and so small an amount of cementing 
material are oompstaUvely rare. 



A SBRJKS of tests Indicated that by long heating, especially If the tem- 
peratnre Is high and there Is mach open space In the tube (channel ns or- 
dinarily recommended), there may be loss of nitrogen ftom dissociation 
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or ammoDla. Another series showed the decided diDger of lose nrom b- 
complete ammonlflcBtloa, eepecl&ll; Hith cbanael and long contiDiied 
heating. It Ib Important to secnre latlmate contact of Bubstance ud 
decompoaltion products with soda-lime and to avoid very high tempen- 
tnre and long heating. A channel may cause seiloas error. 



On chemical CBANaBs accompamying osmosk m uvikq orgakisv^ 

[LLUSTRATRS BT THB OYSTBR. Bj PrOf. W. O. AXWATBR, Mlddle- 

town, Conn. 

[ABSTKAOT.] 

Analtsbs of oysters, as taken ftom beds In salt water and after "float- 
ing" in brackish water, showed that not only mineral salts bat oisanlc 
matters eacspe from the body or the animal during the sojonro in brack- 
ish water, while a much larger quantity of water Is taken in. The pro- 
cess seems to be analogous to that by which the digested Ibod passes 
tbroQgh the walls of the alinientary canal. 



Ok tub procbbsbs o> 
BALIS. By Prof. I 

[ABSTBAOI.*] 

The large area occupied by the so-called basalts of the northwest, and 
their obvious connection with "alkali soils," render a study of their trans- 
formatlou Into soils of considerable Interest. It was entered npon at ray 
snggestlon, by Dr. E. A. Schneider, the specimens having been collected 
by myself, near Rockland, opposite Dalies City, Oregon. The fresh rock, 
the sedentary soil formed froni It, and the sediments Into which it was re- 
solved by mechanical analysis, were analyzed both by fUslon, and by di- 
gestion with H CL as usually practised In soil analysis. The scdlmenu 
represent, of course, rock more or less decomposed in proportion to their 
fineness. 

Hineraloglcal analysis, by Prof. A. W. Jackson, shows the rock to con- 
sist chleBy of OQglte and plagloclase, with much magnetite, nndlB^rea- 
tlated glass and minute disseminated prisms of apatite. It Is therefore 
an anglte-andeslte. The soil is a redd I ah- ferruginous loam, of rather light 

> FnbUabeit In ^U In Uie Fn>e. of the Socletr tor the Piomotlon of AetId. Soknee ror 
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textore -, contalna H.6 per cent ortrae cU;, and sedlmeota from 1 to 8 mm. 
bjdnuilic TKlae fonn 44 per cent of its mass. 

ComparisoQ of the cbemlcal composition (bj fQslon) of the rreeh rock 
BDd whole soil shows In the soil an Increase of 7.S silica, partly due to 
atmospheric aand; alnmina has Increased only 2.6 (kaollnlEatlon) ; bnt 
half of the lime, eeTen-tenths of the raogoesU, and foor-tentba of the 
iron, have been removed tn Uie weathering process. In contrast to this 
leachlne-ODt of the leas sotable oxides, the two alkalies K end Na have 
remained practically the same, gain and loss In the other Ingredients nearly 
balancing each other. 

The aualyais of the several sediments coDQrmB In general the above re* 
BQlts; and tiie same Is trae of the analyses made by digestion vrlth hot 
hydrochloric add, of the same substances. It appears that In the coaraer 
BoU -sediments the soda percentage Is actnaily tncreattd, bnt decreases as 
the sediments become Oner; while potaah Increases steadily toward the 
finer portions. 

The general conclnsions dednclble from the Investigation might be thus 
formnlated ; 

1. The augltlc Ingredient of the rock ts tlrst attacked In weathering; 
the removal by leachlng-out bears most lieavily on the magnesia, next en 
lime and phosphoric acid, next on iron; but a portion of the latter (mag- 
netite?) resists oxidation quite stanchly, and the soil remains highly fer- 
roglDoua. 

2. The weathering of the plagloclase progresses slowly, and Is nnac- 
companied by any material leachlng-ont of the alkalies, which donbtleas 
lemaln In zeoUthlc combination. 

S. The latt«r f^t and the increase of poUSb and diminution of soda In 
the Oner portions of the soil (which especially serve the processes of veg- 
etable nntrltlon) point to the conclusion that the setting-free or the sodium 
Bslts, which coDHtltute the "alkali" of the basaltic region, Is the resolt of 
dttcrimtnative plant action on the eealtltt (potash being assimilated and 
soda rejected) rather than of mere weathering. 

4. As to the general character of these "basalt" soils, they are marked 
by an abundant anppty of potash (up to two per cent), lime and phospho- 
ric add, notwithstanding that the latter two have been reduced to about 
half in the process of sol I- formation. But the fact that a very large pro- 
portion of phosphoric acid appears In the coarser portions of the sedi- 
ments, becoming less and less In the Oner ones, with only one-sixth of the 
total In the readily soluble condition In which It Is extracted by Grandean'a 
process of hnmn»-eztractian. Indicates that It exists In the soil largely In 
the form of the original apatite crystals. 

(t. Finally, the large amount of leachlng-out accomplished In the pro- 
cess of soil -formation, especially as regards the Iron oxides, seems to be 
Incompatible with the present conditions of the arid climate, with Itsr^n- 
lesB SDmmers and cold winters, so unravorable to the processes of redac- 
tion and carbonate aolntlon. These (hcts point to a change In dlmaUc 
conditions since the time when the bulk of the soil was formed. 
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Ikdirrct DKTBRHiNATiON or ciLCim. B; Prof. WuxuH Hai^ &BBKX, 
State College, Fa. 

(ABant&OT.] 
Frkcifitation by excess of solution of ammonlDm oxalate of bpowi 
BtreDgtb, In a Qaek with giadaated neck. Solution alloired to stand ud 
settle, In a warm place, as usual, till perfbctl7 clear. Volume road oH, aAtr 
cooling ; clear solution siphoned off, and remalalog oxalic acid determined 
In an aliquot part b; titratlOQ with KUu O4. 



On thb dsuoact or tbb srnbb or tastx. B7 Dr. E. H. S. BAn.Kr ud 
Dr. E. L. Nicaou, Lawreoce, Kansas. 

This is a cod tin nation of one branch of the snbject presented b; ui tt 
tbe Pbiladelphia (188t) meetlog of the A. A. A. S. SolDtlons of knon 
strength of the following typical substances were made : 1. A bitter sub- 
stance — quiolne', 3. A sweet substance — cane angar; 8. An acid sub- 
stance — salpbnric acid; 4. An alkaline substance — bicarbonate of sods; 
S. A saline substance — common salt. 

Each of these aolutloDS was diluted to form a aeries, each memberof 
which was of one-half the strength of the preceding one. The bottiM 
containing the solutions being placed without regard to order, the tett 
was to separate Into tbe Ave groups mentioned above. 

The tests were made b; 12S persons, 82 being males and 16 fbmalet- 
The average results are as follows: 
I.—Bater. 

Males detected one part In S9S,000. 
Females " " " " 456,000. 
n. StMet. 

Males detected one part In 199. 
Females " " " " 204. 
HI. Add. 

Males detected one part In 2080. 
Females ■ " " " " 8280. 

IV. AlkaJi. 

Males detected one part fn 98. 
Females " " " " 126. 

V. Salt. 

Males detected one part in 2240. 

Females " " '* " 1980. 
From these experiments tt will be noticed that the sense of tule Is 
mnchmore delicate for bitter substances than for others, andleastdellcaW 
foe alkalies. The sense of taste also seems to be more delicate In femslM 
than in males. This rnle also held when the same namber was taken of 
eiicb sex. 
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STAMDARDtzrao HrDKOinmcBS. By Fror. W. P. Huoh, Troy, N. T. 

[ABmUOT.] 

Showinq that Clark's method la the on\j one that shoQld be used, and 
also that more ta eipected of the hydrometer, la point of delicacy than 
tbe nature or the iDstrament wIU permit. [Published In full In Joiu. Am. 
Chem. Soc] 



NOTK OS ABSOBPITOM 0» NITROOKNOnB ITOTBlilBHT BT THB ROOTS OF 

PI^ANTS. By Prof. Wu. HoHdrtrik, UnUerslty of UUdoIb, Cham- 
paign, 111. 

In the present state of the aclenca of agriunltaral chemistry, It la be- 
UoTAd that the form of altrogen most favorable to vegetation Is that of 
the Qttrates. And It Is farther a tolerably well settled belief on the part 
of many careful observers that this Is the only form In which nitrogen may 
enter the plant through tbe medium of the roots. Tet there Is no positive 
proof of this. Bxperlments have been made, affording resnlta showing 
the apparent absorption and assimilation of ammonia and the amines. 
But tn the experiments tn question no precautions were taken to exclude 
microbes of nltrlOcatlon from tbe soils used tn the experiments. It IB 
probable that through tbe agency of these microbes, the ammonias were 
Brst changed to nitrates, and that the nitrogen entered the plant in this 
form. Experiments devised to settle this point were described. 



Note ok thr cskhistrt or oermination. By Prof. Wm. McMcrtru, 
Ualversity of IlUnola, Champaign, HI. 

[ABSTUCT.] 

It la generally understood that In the process of germination the seed 
first absorl>3 moisture, and then under the Infloence of heat and the oxy- 
gen of the air, the starch and Ihts are acted upon by diastase always pres- 
ent, and the alhomlnolds by peptone- forming sabstancea, and that by these 
latter means all the material within the seed are brought into soluble con- 
dition in which they may be translbrred to the yonng plant to be QSed and 
assimilated as they may be needed, and until the yonng plant Is strong 
enongb and sufflclently developed to take nntrlment from the soil. 

Tbe experiments to be described show that this action within the seed 
is limited. Under its influence germination Is begun, and the yonng plant 
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arrives at a certain stage of development ; bot, If the process be carried on 
In the ab!«Dce of microbes In perfectlj sterilized media and apparaus. 
the development Is arrested, the seed maintains Its form and la presemJ, 
and It will so remain until microbes, b; which It maj be broken down bj 
fennentatlon or putref&ctlon, are sapplled. It Is believed to follow tna 
the resalts of these ezperimenta that the action of diastase, et«-, !■ 
limited, and that to complete the process of germination, presence vl 
microbes is necessary. 



The BiaKiFtc«NCB or "bonds" in structcril formuiji*. Bj Br. Sets- 
CBB B. Nbwbekrt, Cornell Unlrersity, Ithaca, N. Y. 

[ABSTHACTT.] 

Thk anthor reviews briefly the crUlclsms of Lessen (Ann. der Cbem. 
nnd Pbarm. Vol 204) on the prevalUng use of the terms "Unit of Afflnltj," 
"Bond," and "Valence," and showed that the confusion and indeflnttene» 
of which Lossen coinplalas may be avoided by the adoption of the follow- 
ing definitions. 

"Unit of Affinity," the power of one atom to combine with ooe other 

"Bond," the graphic represeutatlOD of a unit of affinity. 

"Valeucy," the maximum nnmber of atoms, of any kind whatever, wltb 
which a given atom can combine. 

The author urges the retention, for the sake of simplicity In oar graphic 
notation, of the hypothesis of the tnyarlable quadri valence of carbon, tad 
of the Ho-CHlled "multiple llnklug" of carbon atoms, and cites examples 
to prove that If the latter method of writing be abandoned a nami)er of 
additional Isomers are theoretically possible, the existence of which Is not 
Indicated by experiment. 



EXPEStMKMTS OOIMO TO 8R0W THAT SUCH FDHOI AB PKNICILIJCH OLAUCUH 

CAN SUBSIST OK CABBOK DIOXIDE. By R. O. EocLBs, M. D., Brook- 
lyn, N. T. 

[ABSTRAOT.] 

Tbk fDngl were cultivated In dilute phosphoric acid and solcUons of al- 
kaloids. No reduction In qnantlty of the acid or alkaloid occarred, tit 
weights of the ftingl Increased steadily and thereby Increased the totil 
weights of the containing Tessels. 
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Tbb sciEHTinc BASIS or thb fkuhnq or iMrAMTS. By Dr. Aiakrt B. 
XjEkdb, Hoboken, N. J. 

[ABITRAOT.] 

I DKSiRE to eogage tbe ftttentlon of tbe AssocUtton upon this aabject, 
both on accoDDt of ita iDtHnslc vital Importance, and because I bellevs 
that tbe existence of a scieDtlflc basis for the nutrition of infants has been 
satlsfkctorlly eBtablisbed. This paramoant Importance fs shown by the 
nite of Infants under present cooditlous of nutrition: — ont at every ana 
handred inraots fed on mothers' milk, statistics show that abont eight die 
at the «nd of tbe first year. Out of one hundred vret-nDraed, eighteen 
die; and ont of one handred fed on "lDlhnt-food8,''dfl;-one, or more than 
one-half, die by the end of the first year. 

Tbe basis which I lay before yon, was proposed as the resalt of an In- 
vestigation made upon all Infant foods at that time in use, the conchislons 
arrived at being published In the Transactions of the College of Phfsiclans 
of Philadelphia for the month of Hay, 1883. I ronnd that all of these 
foods, whatever might be their name or pretensions, belonged to one or 
the other of two great clasHes; they are either flour, plain, baked or 
cooked; or they are sugar admixed with cereals In some form, the so- 
called Llebig's foods. The great mortality among Infants using these 
foodH I have already spoken of, and the reason is obTlous — they are phys- 
iologically as ananlted to the natrltlon of a human Infant, as grass and 
hay are to the nutrition of a calf deprived of cows' milk. Orass and bay 
consist of certain vegetable fibres, starches, sugars, fats and albuminoids. 
These are not digestible In the elementary digestive apparatus of tbe calf, 
and Its mother does for It the work of digestion. Thereby, these vege- 
tables are transformed and elaborated by the more perfect machinery of 
the adult animal, Into a secretion which contains food previously digested 
and capable of affording Instant nutrition to the calf. Tbe same relation 
exists between the food of the human mother and tbe mother's mltk. The 
latter, like cows' milk, contains no vegetable sugars, but Instead, animal 
engar, which Is a body essentially diSbreut In Its nutritive funcilous from 
cane sugar and grape sugar. It contains, moreover, not vegetable but 
animal caselne, which Is likewise different. 

The animal or milk sugar of cows' milk Is Identical with tbe animal sugar 
of mothers' milk and the fat Is practically the same. But such Is not the 
case with the caseioe, the hard curd which cows' milk forms being Indi- 
gestible by a human Infant. Moreover, the amount of caseiue In cowit' 
milk Is nearly twice that in mothers' milk. To overcome these difficulties 
Is the raUon ^etre of all the varieties of "Infant foods." They are In- 
tended to prevent the formation of these hard clots by keeping asunder 
the particles of caaelne by means of starch, dextrine, sugar, etc. 

It became evident. In the course of experimenting with these "Infant 
foods," and from a consideration of tbe terrible mortality attendant upon 
their Dse, that a new departure was urgently called for. Accordingly, four 
years ago, I proposed that wo should abandon artlQclal foods altogether. 
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I prepared for inhnts deprived of motliers' milk, milk to wliich I gave tlw 
name of " human Iced," since I Ibnnd that It vas, as far as could be uca- 
tained, the aame In composition and properLlea ai mvtbers' milk. At i 
foundation for this work, I made anatyses of eighty samples of motheii 
milk. Tbej varied greatl; In composllloD with the age, temperanKst, 
physical health, etc., of the mother. Bnt wbcD their averagB eompoaltloi 
came to be (M>mpared with that or cows' milk, certain Ricta stood out \eif 
prominently. They were, first: that the amouDta of sugar &md fat in 
mothers,' were much greater than In cows' milk ; second i that the caselnt 
was mach less ; third : that the nature and proportions of tlia aiih were 
not the same. But the most important dlfi'ereDce was In the differeoE di- 
gestibility of the caselne of the cows' milk. At the time that I was en- 
gaged upon this research, the treatment of cows' milk with ftrtificUIlT 
prepared pancreatic extract, In order to convert the caseins Into a eolnblc 
peptone, was being largely resorted to. I was aware of tbia faci and of 
the experiments of Dr. Boberts of England upon this snbjecL Bui at thai 
time, no one, so fftr as I am aware of, had studied the relative character 
of such peptonlied caselne and the caselne of mothers' milk. On mafclsj 
such an Investigation, I found that In properties and tests the two bodies 
behaved In precisely the same manner. Finding that the dlstlDgnlshed 
pharmaceutical chemist, Mr. B. T. Falrchlld, to whose knowledge and skill 
the employment of pancreatic extract In this country and In England ie 
principally due, could prepare a tryptlc ferment which could be relied up- 
on with certainty to effect the desired change In cows' milk, I made Uib 
tryptlc ferment the basis of the so-called peptogenic powder. By diluting 
cows' milk with the requisite quantity of water. Its percentage of caseins 
is lowered to the same amount as In mothers' milk. By the addltlou of 
cream, the percentage of fat Is adjusted, and the heating of the milk for 
Ave minutes with the peptogenic mixture does the remainder. 

The "humanized milk" thus prepared has already been the sole nntritlon 
of many thousand Infants, especially children of weak and disordered di- 
gestion, and I believe it to be a enccessl\il solution of the problem of is- 
fkut nntrltton. 



A BXW COMPOrKD, RICH IN CARBON, OCCURBIKO IM SOUE PLAKTS. Bj 

Helich C. De B. Abbott, Philadelphia, Fa. 



The OBxuiciL composition of the juices of sobgbuh cakb, n reu- 
Tio» TO THE PRODUcrnoN or suoar. By Prof. H. W. Wiley, U. 6. 
Department of Agriculture, Washington, D. C. 
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Oh tbb successful trotbction or the Botptian obelisk in Cbntral 

PARK, 8T StTCRAITNO ITS SURFACE WITH MBLTEP PARATriMK WAX. B7 

Prof. B. OoDKK DoRtEHDS, Bellevoe Hospital kihI College, New York, 
N.T. 



AC VTHOI> OF PBOTBOTIHO TBS " SOUNDING boards" . 
FIANOS, ALSO VIOLINS AND OTUKR STBIKC 
JURT BY EXCES8IVE HUHIDITT. Bj Prof. H. OODRN DOREMDS, Bella- 

vue Hospital and Medical College, Mew Tork, N. Y. 

Crtstalloorapht op fats of han and of the lowkb amihals. With 
nHiBiTiOM OF fhotografhb. By Dr. Thomas Tatlob, IT. 8. De- 
partment of AgrlcDltare, Washington, D. C. 



REPORT OF COMMITTEE. 

The Committee of Section C of the A. A. A. S., appointed at the 
BafTklo nieetitig to cODBlder and report a, scbeioe for a UDlform Metbod 
of StatliiK the ReanlU of the Analysis of Mineral and Potable Wat«rs, 
Babmit the following report : ^ 

The great Importance of a anlform method of stating the resolts of 
analyses of mlDeral and potable waters, fn the place of the vartetj of 
methods now In vogae, was fully set forth and Ulastrated In the paper on 
this sabject read before the chemical section of the Ballltlo meeting and 
which eaggested the appointment oC this committee. 

Id order that any method of stating these results shall secure for Itself 
general approral and adoption, yonr committee are of the opinion that It 
should deviate as little as possible tWim the moat general present practice 
and should not do serious rloleace to that practice Id any respect. As, for 
Instance, While recommending the statement of the proportion of each 
basic element determined, and of most of the acidic or electronegative 
elements, there woQld appear to erery one, donbtless, a certain degree of 
absnrdUy Id giving the proportion of C Instead of CO, ; and certain other 
exceptions to this general rule seem to be advisable. 

Tour committee are also of the opinion that one scale for both mineral 
and potable waters Is nnadvlsable. The scale that would be desirable In 
order to avoid the use of too large nncnbers In stating the composition of 
a mineral water would necesaiCate the nae of InconTenlently small deci- 
mals in the statement of th'e composition of a potable water examined 
for sanitary purposes. 

Tonr committee theretbre recommend the adoption of two schemes, as 
follows, the first of which embodies many of the festares of the scheme 
presented to the Washington Chemical Society by Its Committee. 
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I. Schemt for a mineral water, 

(a) That the compoaltion be expressed In parts per tbonuod li 
weight. 

(b) Tbftt the paria per tboasand of each basic element, K, Na. U, Ci, 
Mg, Fe" (Fe,), etc., be given, and of each acidic element, Hncb u CI, I, S, 
etc., that Is combined directly with a basic element, or that may rei»n- 
ablj be supposed to be so combined, the rest of the acidic elements to be 
given [n connection with all the oxj'gen of tbelr salts, as osnallj writtca 
In our present empirical fbrmnlaa, as 80,, COj, FO,, etc. 

(e) That these constituents be arranged In etectro-chemtcal order, tbe 
positive ones being given first. 

(d) That tbe volnme of O, CO, and H,8 expelled on boiling ba fglra 
In cubic centimetres per litre of water. 

(e) That tbe combination deemed most appropriate by the chemlit 
making the analysis be stated both by names and by symbols. 

II. Scheme for potable watert examintd for sani'iar]/ purposes. 

The composition shall be expressed in parts per miUton (mlUlgrammes 
per litre) as follows : 
Total solids 
Chlorine 

Nitrogen : expelled on boiling with Na, CO 

equals " free ammonia" 

expelled on boiling with alkaline permanganate . 
equals " albuminoid ammonia " . . • > 

as nitrite . . . ? 

as nitrate 

Organic matter (In terms of mgms. of oxygen . . . ■ 

consnmed by one million of water) 

Hardness 

The manner of expressing the results on organic matter mnst Repeat 
somewhat upou the method of lis estimation. Your committee had this 
matter under discussion, but, concluding that It was beyond their pnr- 
Ince to olTer any recommendation as to methods, they recommend pn>- 
vialonally tlie above statement as to the organic substance, and conteoC 
themselves with suggesting that the whole matter of methods and de- 
tails of the examiastlon of water for sanitary purposes be refemd ^ * 
new committee to report next year. 

Q. C. Caldwbll, 1 

J. W. Lakolet, I 

B. B. Wardrr, y CotnmiUet- 

W. P. Maeoif, 

J. A Mybrs, j 
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TICS PBBBIDEMT, BBCnOM D. 



Ait occasion like this, when an engineer, engaged in tbe active 
dntiea of his profesaion, but nbo is really more of a buainess man 
than a scientist, is called upon to preside over the deliberations of 
a body so distinguished, and so eminently scientiSc as the one 
that I now have the honor of addreeaing, must, of course, impress 
its«lf very strongly upon him, and give much food for reflection. 
Hia mind naturally turns back to review his professional life, IVom 
tbe time when he b^an as a student his technical education ; many 
ideas, opinions and reflections, which have been more or less for- 
gotten or pushed aside in the rush of business, come back, and 
again force themselves upon his attention : such, at least, has 
been tbe case with me. 

As my life has been devoted exclusively to tbe mining of coal, 
and, as I have been engaged in no special scientiflc investigaUons 
like M many of those around me, I cannot offer for your consider- 
ation original observations or suggestions upon any important sci- 
entific subject to which I have specially devoted myself, but it 
seems to me that I might not nnprofltably occupy your time at tbe 
opening of this session by asking your attention for a few min- 
utes to some thoughts, which, during the last quarter of a cen- 
tury, have, from time to time, in a more or less desultory way, 
impressed themselves upon me, with reference to the subject of 
engineering. 

Engineering is the youngest of tbe professions, and, with the 

exception of tbe military branch of it, may be said to have been 

practically unknown a century ago ; there was, of course, muob 

work now considered within its domain, which was done by archi- 

(147) 
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tects and others, bnt, aa ft well-defined recognized calling, itnic 
be considered one of the creations of the aJneteenLh oentniy 
and yet, it has made each great advances, has broadeoed ao 
much, and is now being divided, and subdivided, in so inaDj«iT>. 
that it is doubtful whether it can properly be coasidered id; 
longer a single profession. I do not wish to discuss here the di- 
vision into the mining, civil, mechanical, electrical, hydraulic ud 
other branches ; that has been done by other hauda, much >bla 
than mine. How deep, how important and how real these diviNOu 
are, is well sliown by the large and flourishing societies whicb 
have sprung up and are devoting themselves, with so much vigor 
and effect to almost every one of them. But, within the !»st 
twenty-flve years, another equally important change has been tak- 
ing place which, it seems to me, is destined to produce, at lusl 
as great an effect as the subdivision, referred to above, upon tlit 
future of our vocation. Engineering is now no longer a prafei- 
sion only. It may be, also, a science or a business ; that is (o ttcj, 
the student, when he enters college and takes the engineering 
course, may, with perfect propriety, look forward to being a dim 
of science, a professional man, or a man of business, and it is not 
only very possible, but very probable, that he might make a sac- 
cess in one and a comparative failure in either of the other ca- 
reers. Such, at least, has been my experience. 

Let us pause for a moment and consider the exact meaning of 
the words engineer and engineering: they, as well as the woid 
" ingenious" are derived from the Latin " ingenium," which in 
turn comes from the verb " gigno," to bring forth or produce; 
they involve, therefore, the idea of originating, of advancement, 
of development, of passing Ttom the known to the unknown, from 
the certain to the uncertain, fh>m that which has been accom- 
pliehed to that which is desired. In other words, so far as theic 
derivation is concerned, they involve the Idea of evolution and 
progress ; and we have but to look around us in any civilized 
country of the world to see how well this fhndamental principle 
has directed the minds and hands of those engaged in the practice 
of the profession. This may be well called the age of enginee^ 
ing, as it is called the age of progress. 

But we must remember that the engineer is not a creator ; be 
never makes something out of nothing ; he develops, enlarges, ex* 
pande, evolves, sometimes, it is true, in special cases, to sucb » 
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great extent, or with such rapidity, that the result to which lie 
a.tt&{na may eeem almoat a creation to all but the cloBest observ- 
ers, but this is a rare exception, not the rule; ordiuariiy, the 
progress is very alow, and eometimes almost disheartening. Very 
early in the history of engineering, in fact, almost before it could 
\>e ooneidered a proressien, it l>ecame evident that facte and Bci- 
entiflc data, which could only be obtained by long, careful and 
IsLboriooa experiments, were absolutely essential to those practi- 
cally engaged in the prosecution of engineering, that, however 
correct tiie reasoning, however brilliant the intellect, however 
carefkil the calculation, all would be useless, unless the properties 
of the material used, and the law of nature that would be likely to 
be called into play, have been carefully determined by the most 
tborough scientific investigation and experiment. There is no 
better way of impressing upon our minds how important, nay, 
bow absolutely essential, such data and such investigations are, 
and of realizing how great has been the amount of scientific work 
that has been placed at our disposal, than to take up any engi- 
neer's pocketbook, not the best or the fullest, but one of the ordi- 
nary ones, and examine for one's self how much of what we use 
every day, and of what we now consider almost axioms, is the re- 
Bnlt of scientific study and experiment, and was unknown, or, at 
least, so little known and so uncertain, as to be practically of no 
value less than a century ^o. 

As the number of these original investigators increased widely, 
and as the data accumulated by them became more and moi-e voi- 
nminouB and valuable ; and as the results of their labors were pub- 
lished in no one country and in no one language, but were to be 
found in the scientific Journals and text-lxwks of all civilized na- 
tions ; much the greater part of these facts, so essential to every 
engineer in active practice, was accessible only to tliose who had 
sufficient means to procure the books and periodicals which con- 
tained them, or were so situated as to be able to use one of the 
great public libraries which were then much more rare than now. 
Even where the information was accessible to tbem, very few of 
those who really had the greatest need of it had safficient time at 
their disposal to enable them to make use of the very valuable ma- 
terial, disseminated, as it was, so widely. Such a state of affairs 
could not, of course, exist for any great length of time. 
There is a class of minds to be found in all professions which 
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are specially fitted for the work of gathering together exactly net 
data and of placing them in such a shape as to be readily acce- 
Bible and in the most appropriate Torm for practical uae- Some- 
timea, with this facnlty or capacity is combined, with that of baog 
able to deduce from such well-prepared tabulated statements of i 
large number of facts relating to some one natural principle, a gen- 
eral law containetl in a few words or a comparatively simple for- 
mula by which most of the data in question can be expressed ia i 
mathematical form. Newton's " law of gravitation" and Darwio's 
"law of the survival of the fittest" are among the highest evidenca 
of this power. The mathematical discussion of such fonnnla often 
leads to results of the highest importance when UDderlaken by sncii 
men, who, though far from common, are nevertheless to be found 
in all branches of natural science, and they are probably as well 
represented in the American Association for the Advancement of 
Science, as in any other school of scientists. I do not mean,of 
course, in absolute nambera, but in proportion to the comparative 
rarity of this type of mind. Il is to these two classes of scienttHe 
workers that the profession of engineering practically owes its ex* 
istence in its present state. Their remuneration, I am sorry to 
aay, has been very meagre, that is, in a pecuniary point of view. 
Mentally, they have been undoubtedly well paid, for labor of thia 
character brings probably the highest intellectual pleasure of which 
the human mind is capable. The pecuniary unselfishness of these 
classes of men has become proverbial ; to the averi^e man of the 
world it is absolutely incomprehensible. 

Until a comparatively recent time, there was, except in a few spe- 
cial cases, but little provision made to aid these unselfish workers, 
and much of the best of this kind of scientific work was really done 
in poverty, by those, who, not only were not paid for it, bat who 
really had to deprive themselves of many things we consider nec- 
essaries of life to obtain tlie means of cairying on their investiga- 
tions. They were recruited from various sources : many began 
as teachers in the few technical and scientiSc schools that then 
existed ; but, rec<^nizing when insti-ucting their classes the want 
of better and more accurate knowledge of certain physical phe- 
nomena, were induced, by their love of the subject, to endeavor, 
by experiment, to supply that need. Others, again, who, by some 
happy accident, had had their attention directed to physical sci* 
eoce, passed from the laboratory to the lecture-room, and, throogh 



n,g,t,7rJM,GOOglC 



ADDRESS BT K. B. COXE. 151 

a long and usefbl life, combined the tno callings. Those, however, 
who, daring their whole career, either as experimenters, compilers, 
or mathematicians (using the latter word for want of a better, to 
cover that class who have generalized and placed in a mathemati- 
cal and exact form the result of the labors of others), confined 
themselves to their specialty, were generally considered by most 
men as good-natured, harmless and ratber eccentric individuals, 
whose function in life tbey did not understand, and the valuable 
results of their mental labor they did not appreciate, although 
they might have an indistinct idea that, on some exceptional 
occasion, the information such men were accumulating might be 
useful. 

The practical engineer, the engineer as the world understood It, 
was at first developed in the worlcsbop or in the field ; he may 
in some cases have begun with a little scientific training, but 
this was rarely the case. He was generally a man of broad, com- 
mon sense with great capacity for work, open to conviotion and 
with a strong desire to improve himself. His professional training 
was acquired chiefly in the active, practical work of bis calling, 
but, whenever the occasion presented itself, he availed himself of 
whatever books on natural philosophy or special tecbnical subjects 
came to his hand. He grew with his profession and helped to 
advance it. The careers of such men as George Stephenson and 
James Watt give, it seems to me, a good idea of the power of 
certain minds and of the development of which they are capable, 
even where circumstances have not been particularly favoiable. 
The success of such men is often I'eferred to, as showing of how 
little importance a scientiQc training is to the engineer. How 
often have I heard intelligent people, who have only examined the 
subject superficially, say, " Look at that man I he never had any 
college training, and see what he has accomplished ; now, look at 
that other I he has had the very best educational advantages, and 
he has done absolutely nothing." Bnt we all hnow that the very 
roughest manipulation may sometimes make an excellent tool out 
of a good piece of steel, while the most careful handling, the best 
workmanship, can never do that with a radically bad piece. The 
older members of the profession, those with whom I came in con- 
tact as a boy, when I first had my attention directed towards it, 
were almost without exception self-made, self-instructed, self-de- 
veioped men, but "there were giants in those days." 
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The demand for meD to noderUke Che direction ot tix grot 
public works which were started in all parts of the United Stales, 
daring the early part of the century, natarally brought snch men 
to the fh>at ; there were no achooU and colleges in which they 
oonld be instructed, nor were there any teachers capable of in- 
■tmcting them. They came to tiie front and maintained tlieir 
position by mere force of brains. Among the younger men who 
were associated with them were some graduates of the few tech- 
nical schools, mostly European, or of the scientiflc courses of 
some of the colleges, that were already beginning to realize the 
importance to the rising generation of a chance to prepare them- 
aelves for such a field of labor and to endeavor, as far as was tbeo 
possible, to afford them the opportuuity. When the good work 
was once started, the demand for the services of graduates ot 
these colleges soon became too great for the supply ; and schools, 
where technical instruction of the highest order is given, have 
been established all over the country, which is now dotted with 
institutions of this character, and the public works, throughout 
the whole United States, bear witness to the eminent abilities and 
thorough training of a host Of tbeir graduates. 

The above, though a very brief and imperfect description of the 
manner in which the profession of engineering has grown during 
the present century is, in the main outline, correct- 
Much of what I have said is tlie result of personal observation 
and much 1 have learned from conversing with the older memhera 
of the profession with whom I have come in contact since I was a 
boy. As long as I can remember, nothing ever gave me more pleas- 
ure than to listen to the stories of how the pioneer engineers ol 
our country encountered and overcame great difficnlties with the 
Tery imperfect and limited appliances they had at their oommand. 
At the present day engineers, no matter what may be the spe- 
cial branch to which they are devoting themselves, can be divided 
into three general classes ; The first class includes those engaged in 
purely scientific and experimental worlc ; and, in it, we find, not osly 
the original Investigators, the compilers and the mathematicians, 
but, also, those who have charge of the experimental and plt^'S- 
icallaboratoriesof the great railroads andindaatrial establishments 
of the country. These form a body of ever-increasing importance 
not only in their number, but also in the value of tbeir work, wbicli 
Is, in a certMD sense, similar or rather analogous to that of the 
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analytical chemist. Their duties are peculi&r in this respect, that, 
as far &s they are personally concerned, commercial considerations 
do not, at least to any great ext«nt, enter into them ; tliey have 
little or nothing to do with the management of men nor with the 
question oT the beat utilisation of their labor ; they are rather crit- 
ics of other men's work than directors of it. For example, they 
are not requij-ed to produce at a given cost a certain quality of 
iron or steel, but to determine tlie physical and chemical proper- 
ties and the relative values of the different kinds of steel and 
iron ^at are produced ; to decide vhether a given specimen is 
'wha.t it pretends to be or not ; to tell whether its qualities are such 
as to fit it for any particular special use. But their funotions do 
not cease here. They discover, hy experiment, new uses for old 
products and new products for old uses; tliey investigate scientifl- 
cally tlie new problems that are constantly arising in the fields in 
wbich tUey are engaged and which it would be impossible for engi- 
neers, engaged in the practical direction of establiahmenU of this 
kind, to woric out, without interfering, very seriously, with those 
important duties which require tlieir attention at all times. 

The second class, which is a very large and important one, in- 
cludes tliose who formerly constituted almost the whole body of 
engineers and who more nearly answer to the commonly received 
idea of the profession. The type of this class Is the chief engi- 
neer of a railroad; he is the scientific adviser of the managers 
of the road. They decide what work is to be done or what it ia 
advantageons to produce, what railroads it is commercially desir- 
able to build ; but it ia his function to examine and advise them 
as to the various routes that may be adopted, giving, in detail, the 
particular advantages of each route, as to its cost of construction 
and of maintenance and of the greater or less expense of woiking 
it; he is supposed to investigate and report upon the different 
systems of bridges, rails, ties, etc. 

If the manners have decided to build a road or a furnace, or if it 
has been determined to open a mine, it becomes his duty to super- 
vise the preparation of tlie plana and the laying out of the work ; 
if the actual construction is given out by contract, to see tliat the 
terms of the contract are carried out strictly, that only as much 
money is paid therefor at the times and under the conditions as 
wu originally agreed upon, and that the material and work in all 
respects is of the class which it was decided that it should be. 
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But if, &s is sometimes the case, the work is not let by contract, 
but is built by the company themselves, bis duties become still 
more onerous and complex. He must tfaeu see, not only that the 
woric is properly done, but also that Just wages are paid ; that 
competent men are employed ; that suitable material is used ; that 
they are properly utilized from a mechanical standpoint ; that the 
price paid for them is the lowest compatible with good quali^, 
aud that flnally everything is done so ua to produce the best result 
for the smallest amount of money. For this he needs not merely 
a broad and thorough technical education, but good common 
eeose, a knowledge of men and business experience. 

The third class, which is of comparatively recent origin, is be- 
coming more and more important and promises in the future to 
relieve those of the second class fVom much of their uncongenial 
duties, and comprises what may be called business or contracting 
engineers. I may probably best make myself understood by an 
example. Twenty-five or thirty years ago, if a railroad company 
wanted to build a bridge, unless it was a very small one, the chief 
engineer would have the ground carefiilly surveyed and examined ; 
would have plans prepared in his office ; would buy the material 
from different parties and have them properly worked up and the 
bridge erected under his own supervision. Now, the case is dif- 
ferent ; he would practically do nothing, except in very rare in- 
stances, but ask for bids for a bridge to be built of a given height 
and span under certain specified conditions over a valley or river, 
which would be capable of sustaining a given moving load. He 
would, if his company were able to pay for it, have no trouble in 
having this done by contracting engineers for a lump sum under 
a guarantee that it would be perfectly satisfactory, although each 
bidder would prepare his own plan for the structure. This applies 
not only to bridges, but to almost any other engineering work 
that is not of a very special character ; in fact, it is not on nn- 
common thing for a contract to be made to construct and deliver 
a railroad built and equipped in a specified manner for a certain 
sum of money, or even for a certain amount of atock and bonds. 
Many of the blast furnaces recently erected by new companies 
have been built in this way. Some of the brightest minds in the 
profession are now engaged in this business, and it seems destined 
to become a more and more common way of doing work of this 
character. Where the contracting engineer is a man of ability 
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and character, it is a moet satisfactory method both to tbe man 
doing the worlc and the one paying for it. This change, which is 
gradually being made in the duties of the profession, attracted my 
ftttenLion some years ago, but of late it has been so marked tliat I 
have almost anconsciously been giving a great deal of tLought to 
it. It seems to me that it is worthy of the careful consideration 
of all of us, whetlier we are teachers, consulting engineers or men 
of business. If the fact be anch as 1 have stated, if engineering be 
broadening and covering almost the whole field from pure sci- 
ence to pure business ; if two young men who are members of the 
same class in a technical school, and following the same course of 
instruction be destined to such different duties, though they may 
both become in name engineers, ia it not time for as to pause to 
examine the whole field of technical education, to study carefully 
the mental requirements and training of those who are to devote 
themselves to each of these three branches of what is now called 
engineering? As we all know, there has been for the past ten or 
fifteen years, a very active, rigorous and interesting discussion of 
that most important subject, "technical education." Men of 
ability and of experience, who have given much time and thought 
to the question, differ as widely as they did ten years ago as to 
the proper relation of theory and practice in tbe training of 
the young engineer. They are not in accord as to whether a 
student should do practical work before, during or after his col- 
legiate course. There ore many advocates of each plan, but 
among those who apparently have had the best opportunities of 
judging, there is, as yet, no agreement as to what advice should 
be given to a young man wishing to enter upon a technical career. 
No matter what plan maybe suggested, there are always exam- 
ples, both of the good and bad effects, of adopting that system 
which are constantly being brought forward. One of the most 
pleasant and hopeful features of the discussion, however, is the 
great interest that is felt in it by the older members of the pro- 
fession, and the amount of time and thought that they are not 
only willing but anxious to give to it when we consider how little 
leisure they generally have for such work. However, notwith- 
standing the fact that so many able and educated minds, which 
have been trained to the most scientiBc and logical treatment of a 
vast range of subjects, have been so long trying to solve the prob- 
lem, they seem as yet far as ever lYom coming to any agreement 
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u to the proper relfttions of tbeory and practice in technical edo- 
oation. Like many of you, I have also given aome attenUon to 
the question, and, although I cannot claim to bare gone into it 
thoroughly and eyatematically, and consequently mnet submit 
what I have to say with diffldence, it baa occurred to me that pe^ 
haps one of the causes of the difficulty of coming to a practical 
agreement as to the bestcourse of study for a young man wishing 
to become an engineer, as has been done for those preparing them- 
Belves for tJie church, the bar or medicine, is the fact that tbe field 
covered by tbe professions and pursuits now included by the tern 
engineering, has become too great for any single course of study 
to be applicable to it. In every state in the Union there is prac- 
tically a well-defined course of study which must be followed by 
those who intend to become members of the bar, and an exami- 
nation which at least claims to be similar in character that each 
person must pass before he is admitted. There is little or no dis- 
cussion as to whether some otiier system of eilucation would be 
better. There are, of course, differences of opinion, as to the great- 
er or less importance of some of tbe details of the students' work, 
but they are not snch as attract any great attention. So with tlie 
church ; each denomination has its own views as to the mental 
character of tbe candidates and as to tbe manner in which they 
should be instructed ; but, practically, each sect is agreed as to 
the general principle upon which the slttdies of those who intend 
to enter the ministry should be conducted ; so, in medicine, there 
is very little divergence of opinion aa to the relation that the 
practical work in the dissecting room, at the clinic and in the 
hospital should bear to the theoretical training of the lecture-room 
and the text-books. There are, of course, some changes in tlie 
methods of theoretical instruction in which the more advanced 
schools have not been followed by the more conservative institu- 
tions, but they are rather questions of detail than of principle. 
They all agree as to the relation and character of the practical to 
the theoretical work and as to the time in which the former should 
be done. But, when we come to the training of the engineer, this gen- 
eral unanimity of opinion la no longer to be fonnd. Is it because 
the stndy of engineering is of so recent a date that it has not had 
time to develop properly? This maybe one reason, but it does 
not seem to me to be sufficient to account for the fact. The more 
I think of it the more it seems to me that the great difficulty 
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is that the field now attempted to be eoTered by aa engineering 
edacatioQ is too vast te come within any one ay stem of instruc- 
tion. The state o( affairs is, to a certain extent, dmilar to what 
^ou)d be the case if a number of ciei^ymen, doctors and lawyers 
should endeavor to lay out a course of study for students to follow 
in common with aucceaa and profit when a part of them (it would 
be impossible to determine l>eforeh&nd which) were to devote 
themselves afterwards to the practice of the law, part to the prac- 
tice of medicine and part to the work of the church. Now, while 
such a plan would never be proposed, yet I feel satisfied t^at, if 
several thousand students were compelled to follow a course laid 
out in this way, there would always bo among them a few, whose 
special aptitude for one or other of the profeasions would be SO 
great that they would rise to eminence in their own specialty ; for 
they would assimilate and profit in the highest degree by that 
portion of the instruction peculiarly suited to their turn of mind. 
Tet there is no doubt that a great part of the time and energy of 
the mass of the students would be wasted, and that the useful ef- 
fect of their training, as a whole, would be very discouraging. 

No one would, of course, suggest or consider such a plan, bat 
a reference to it may be of use in enabling me to impress more 
Btrongly upon your attention the idea which has suggested itself to 
me, and which, I think, may possibly be worthy of the attention of 
those who are giving the subject of technical education the advan- 
tage of their experience, their training and their thought ; and I 
know that there are many in this Association to whom this is a 
subject of deep interest. 

One of the most important duties, one of the greatest privileges 
of an etiucated, trained, thinking man is that of preventing waste, 
whether it be of matter or force, whether the latter be physical or 
mental ; and what more dreadfVil waste can there be than the mis- 
directed energies of the young student who has so little time at 
his disposal and so much to learn before he is obliged to enter 
upon these active duties by which he must gain his daily bread. If 
he who makes two blades of grass grow where one grew before 
deserves well of mankind, how much more he who aids in prevent- 
ing the useless labor of sowing seeds that are likely to develop 
into worse than useless weeds ! 
If, as it seems probable, engineering is now becoming really 
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three professions or calliaga, diB^ring so widely Arom one another 
M to demand a special training for each, ia it not perhaps pos- 
sible that no one collegiate course will be suitable and advisable 
for all? Ib not the qaesUon, at least, worthy of thought and dis- 
onssion ? Ia the hope that you will deem it so, I submit It to yon 
for your consideration. 
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NiCARAouAK WOODS. By Prof. R. H. Thdrstok, Itbica, N. T, 

Tbb paper contained an accoant of an InveaUgatlon of the atrengtb and 
otbet raluBble qnalitles of the woods of Nlcaragaa made under the direc- 
tion of the writer la the laboratory of tbe SIble; College of Cometl Unl- 
Tersltf. It was of the saioe character and scope as that on the Cuban 
Woods preaented three or fbnr years ago and published In foil In Van 
Mostrand's Magazine. It Is hoped that the paper may be of service In 
making known to oar poople the valne of the limber trees of Central 
America as was the former In calling attention to those of Cuba. [Pub- 
lished la roll In Jonrnal Franklin Institute, 1887.] 



Thk Ahkricin 8TSTBM or wiTBK PusmoATiOK. By Dr. ALoicnT R. 
L>xD8, Hoboken, N. J. 

[USTKAOT.] 

The American system of wator-pnrlS cation Is fonnded npon the thre« 
following novel and original processes : — 

1. Artiflclal aeration under pressure. 

2. Assisted precipitation by coagulants. 
E. Mechanical nitration under pressure. 

1. ArUjMai aeration under pressure. This process grew out of an In- 
vestlgatlan, which I waa requested to make, Into the causes of the very 
offensive tast« and odor of that part of the water-supply of Philadelphia, 
daring the months of January and Febroary, 1883, which was derived 
ttom the river Schuylkill. I found that the Schuylkill was covered 
witb Ice thronghoat Its entire length, and that tbe diagusting taste was 
doe to the pQtrelVictlve decomposition of sewage thrown Into the Schuyl- 
kill ftvm the factories and sewers of Hanayank, a large tnannfactnring 
tovQ located on this river six miles above the Intake of the Falrmonnt 
pnniplng-statloD. In the course of the decay of thlssewageoutof contact 
nltfa afr, the oxygen gaa, normally present In all sweet water, bad been 
largely used ap. On driving oxygen into tbe water I fOund that I could 
arUJIclally oxidize flfty per cent of the readily pntresclble organic matters 
(169) 
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Id soIutlOD. TbiB reealt led to the ftpproprlattoD bj tbe cltf of FhUadd- 
phla of ten tbousaud dollan to parchue air compressoni, which were it- 
tacbed to tbe ascending mains at the pumplng-statloas, and sir was drlrea 
into the water under tbe corresponding great presanres. Shortly after- 
wards, the same process was applied to the water poniped at New Mlifoid 
on the Hackensack rtver, the mlxtnre of air and water belDg driven 
through a main seventeen miles In length, until It Is delivered, at a height 
of ISO feet. Into the receiving reservoir above Hoboken. This last plant 
has been stcsdlty in operation for three years, and bis resulted In accom- 
plishing the pnrpose fbr which It was intended In this Instance — the pre- 
vention ofihe grouth of algae in the viat€T-tuppti/. It has now gone Into use 
at Champaign, III., Greenwood Park, Brooklyn, Somervilie, N. J., and In 
many other towns. 

2. Aaaltttd prectpttolion by coaffulantg. This process is requisite when 
the suspended dirt Is too finely divided to be arrested by the pores of tb« 
filter. Or, Znd, when the water Is colored by peaty extract, dye-stains, 
vegetable extracts, etc. Srd. When It Is fonl and dangerous froiu the 
presence of sewage and the various pathogenic bacteria. 4tli. When It 
is hard from dissolved carbonates and sulphates of lime and magnesia. 
In the first three cases, tbe coagulation is beat rfl^cted by ainm, ft-om one- 
hair to one grain of alnm being ordinarily suQIcleDt. In case peat b 
present, the alumina acts precisely like a mordant, uniting with the col- 
oriuif matter as a reddish-brown lake, both the alumina in the form of a 
basic Bulphate and the peat being thrown out of solution. If peat ex- 
tract or some similar body Is not present In the water, then I have pro- 
posed the employment of ferric chloride together with lime water, tbe co- 
agnlura of ferric hydrate carrying down with it all tbe bacteria present 
in the water. Waters which have temporary hardness are softened by 
the nse of the required amonnt of lime, and those which are permanently 
bard are softened by the nse of carbonate of soda, the water Id the latter 
case being raised to the boiling point. In all these fonr cases, tbe pre- 
cipitated silt, or peat, or ferric hydrate, or carbonate of lime, Is and most 
be, removed by the final process of filtration. 

8. Meehanieal JtUratioa uiuJcr pr«i>ur«. The nniversal practice In Eng- 
land la to purify tbe water by large filter-beds constmcted of expensive 
masonry. The filtering Itself Is efibcted by two feet of saod, and tbe 
elaborate construction of graded gravel and broken stone beneath tbe 
sand is to provide channels to drain the filtered water away. In the 
American system tbe filters are made of Iron tanks bo strongly bnllt as to 
withstand great pressure. Tbe filtering Is done by fbnr fbet of sand In 
tbeae tanks. Tbe cleansing of the Alter bed, which In England la carried 
out by men shovelling off tbe dirt. Is done In these tanks by reversing tbe 
current and sending the water np through a series of perforated pipes 
placed a foot below tbe snrfiice. The water la drained away by a lower 
series of pipes, the pipes being donble, one Inside the other, both perfor* 
ated, the space between them being filled with quartz gravel. A filter of 
this description, ten feet In dlamet«r, filters one.qnarter mUlton gallons 
per diem. 
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A NEW METHOD OW FIMDINO AH BODIVALEMT UlftFOBX LOAD PRODOCtKO 
BKNDIKO MOMRHTS AFPBOXUfATKLT EQUAL TO THE MAXIMUM MO- 
MENTS XJNDKRA MOVIKQ TRAIN. Bj Prof. H. T. EDST, ClUClliaBtl, 0. 
[AB«nUOT.) 

The autbor Brat develops a aev sraplilc*! method or essctly repre- 
aentltig ttie maxlman) beodlag moments in a girder dae to a set of wheels 
which move ^om end to end of the girder. These bending moments are 
represented is the dlfllerence of the ordinates of two eqnl I lb rinm poly- 
gons of which one Is a parabola. 

The, approximation In view consists In assamlog the cither eqaillbrlam 
polygon to be a parabola also, as In fiict It Is nearly when tha nnmber of 
wheels In the set on the girder Is targe. 

The maxlmnm moments are tben taken to be produced by a train con- 
slstlncr of one or more engines preceded and followed bf aanlform train. 
Of tbls loading the engine excess only Is talten to constitnte the moving 
load. 

The approximate formula for the eqnlvatent uniform load Is then 



■".+*-?('-?,)• 



U] = weight per foot of aniform train. 

E = total engine excess. 

I =• length of girder. 

V ^= total length of wheel base of engine 



On thk i)En.ECTiox or oiuders and trusses. By Prof, H. T. Eodt, 

Cincinnati, Ohio. 

[jkllSTRJlCT.] 

Ik this paper are defined the fandamental formnte which express the 
deflections in terms of the stresses; and In case of the single intersection 
tmsB, the deflection doe to both chord and web members Is Included. 

A nseriil graphical system of constrncting the deflections Is developed 
In connection with these expressions, of such a natare that the deflection 
at any point of any member of the truss Is readily determined. 



By Prof, H. T. Eddt, 

[ABSTBAOr.] 

Tflis la a new general class of graphical polygons suitable for deter- 
mining those pOBltlODS of wheel weights In a moving train which produc« 
the maxima bending moments and mailma shearing stresses at any points 
of a simple girder or of a single Intersection truss. 

A. A. A. B. VOL. XSX\L 11 
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The paper contstos Uie general explaoAtlonof raMtlon polygoni.Oe 
metbod of constnictltig them and tbelr application In the grapblcal di» 
GOBslon of the following problems ; 

1. DetermlDatloD of centres of gravity. 

2. Detertnl nation of load at a panel point and the shear In glrdu, 
stringer and truH. 

8. DelermlBatlon of the segments of the girder and tmss in which tlw 
maxlmnm shear Is dominated b7 the successive wheels. 

4. Determination of the positions of an nnllmited train which prodoM 
maxima bending momenta at any given point of the girder and muiau 
Btreaaes in the members of the unloaded cbsrd of a single Intersection 
tnias. Comparison of anj two moments at a given point of the span due 
to two dllferent trala poaltlons. 

6. Determination as in No. 4 of train positions for maxima etrcsMi 
In loaded chord. • Comparison as lu No. 4 for loaded chord. 

6. Most general comparison of the bendlngmomeatat one point of spu 
and one train position with tliat at another point and a dlHereiil train pa- 

7. Determination of points of maxlmnm moment for each of a set at 
wheels all of which remain on the span. Determination of the nbed 
vhich produces the greatest maximum moment and the point of the epu 
where It does this. Determination of the segments of the span in which 
the maxlmnm moment Is dominated by the snccesslve wtieelB, 

6. Same determinations, as In No. 7, In caae where a uniformly dlsblb- 
uted load covers the span In addition to the train of wheel weights. 



On ah impruvbd hbthod for TKSTiNa mbtalb. By Prof. Cuaelxs B. 
MuKKOB, U. S. S., Torpedo Station, Newport, R. I. 

Thk method consists In detonating gun cotton In contact with or nut 
to the metal to be tested. The test may be applied to the original Ingot 
from which the pari Is tobe shaped, and serves to show the capacity of the 
metal to resist shocks, and also exposes the structure of the metal. It Is 
deeoied especially appllcabl« to the testing of metals for guns. 



EmCT UPON THE BTRBNQTR OP IRON BT BKlMfl SUBJBCTKD TO 1 FCU 

WHILB DKDKR A TKMSiLB sTBKEis. By Prof. Dc VouoM Wood, H»- 
boken, N. J. 

[IBSTKACT.] 

Twklvk specimens were prepared exactly alike. Two were broken 
wlthoat treatment, showing an average strength of 60,500 pounds per 
square Inch. Six were put In the machine while at a dull red heat and 
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sabjected to b steadj pall of one-flfth the above stress, and fonr more to 
ODe-foDrth that stress, for fifteen minutes ; aiternblch all were broben. 
Oul; three fell below S0,000 pounds, aad those elongated 6 per cent or more 
while hot, and broke with over 47,000 pounds per aqaare Inch. 



RAvasK'a soll-tion of thk probluc of the TCBiinn. By Prof. De 
VoLSON Wood, Hoboken, N. J. 

The BolaUon of this problem given In "Prime Hovers," Is claimed bj 
the uithor to be general for all tarblnes, bat in realitj It Is fdr a special 
wheel, applicable only to the condition of m&xlmam efficiency and not 
exact. I have, bowever, compared hla formuliis with exact ones and And, 
that In ordinary cases. It ta correct within one per cent. 



Kationai. arhahbnt. By Jas. R. Haskell, New York, N. T. 
[This paper will be prlnied in full by the author. Copies c 
free by addresalng Mr. Haskell, 120 Broadway, New York.] 



Fbiction of bnoimkb. By Prof. B. H. Thurston, Ithaca, M. Y. 

[ABStRAOT.j 

This paper consisted of memoranda relating to the Mctlon of engines 
as affected by their loads, and was a contlnaatlou of work reported upon 
at prevlona meetings of the Association. 



A KEw hioh-spred steam EKOim imdicatob. By Prof. J. Burkitt 
Webb, Stevens Institute, Hoboken, N. J. 
[abstract.] 
SoMB three or four years since, in talking with Proressor Sweet about 
an Indicator for high-speed engines, he snggeated having a small chamber 
connected with the cylinder by means of a stop-cock, the repeated sad- 
den antomatic opening and closing of which at a definite, adjustable part 
of the stroke should «dmlt to the chamber ateam of the pressure then 

> To b« pnbUahed to Joamal of rranUia IniUtnls. 
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eziBting in thecjUoder, wbich pressore could b« Indicated And rcglslttcd 
b; k gauge connected with the former. There seemed to me, bowerer, 
to be dlfflcaltles Id the waj of obCalnlng accnrate resnlts by tbl9 meUrad. 
and I nientlDD tt in preeeDling the new Indicator which I have derlsed. 
onlj becaose of the Blmllarlty In principle Inrolved In botb- In the Indl- 
catOT which I exhibited to this Section at Montreal, the piston had Iti 
motion limited to a very small ponlon of Ibe range of the spring, socfa 
porLloD, however, being automatically adjusted successively to all points 
In the range. In tbia indicator. In common with Professor Sweet's, tb< 
piston has Its motion limited to a smalt portion of the time occnpled by 
the stroke of the engine, ench portion, however, being adjoBtable to all 
points of the stroke. In the earlier Indicator the limitation was, therefbrc, 
one of space, and the piston was free to move Its small distaucr at ■•; 
Ume when the necessary change of pressure occurred; Id tbls Indicator 
the Itmttatlon Is one of time, and the piston Is free to more for ashon 
period only, dnring whicb, however, it is free to move throagfaont tbt 
whole stroke, equivalent to tbe whole range of the spring. 

The indicator consists of a plnnger piston A, furnished with springs B 
and an Indicating point oi pencil 0, wblch togetber correspond almost ei' 
actlj with tbe original indicator withoat mQlllpljing levers. The piston, 
however. Is clamped bj the piece D wblch Is pressed against It by the 
spring E and pin F, so that It is free to move only when tbis clamp is re- 
leased. For this purpose there Is the lever 0, link-bolt Band lever/, 
the roller on which Is engaged by the cam J" at a particular time dnring 
the revolution oC the pulley S. Tbe pulley Is connected with tbe cross- 
head by some positive (generally reducing) motion, so that tbe levera are 
operated, and tbe clamp momentarily released at a definite point In tb« 
stroke. Tbe drum L does not partake of the motion of the cross-head, 
but is controlled by the wooden baud-nheel Jf. Tbe lever /la shown in 
the drawing In the plane of the paper, bat by revolving L It Is placed suc- 
cessively at all angles, i. ;., In any plane passing through the axis of L, I 
being mounted upon L; in this way as tbe paper on the drum Is revolved 
under tbe pointer, the release of tbe piston la made to occur at the cor- 
responding portion of the stroke. The drum may be moved slowly and 
continuously, and a pencil may be nsed to draw the card, but tor more ac- 
cnrate work a point Is used wbich scarcely touches the paper, and the drum 
may be allowed to remain stationary until the piston Is seen to setUe to 
Its place, when the point may be pressed Into the paper, and the drum re- 
volved to a new place ; in this way extra cars may be taken to get aces- 
rately special portions of the card. It is evident that with high-speed 
engines, for which the indicator Is designed, the clamp will be released at 
thesame point of several successlvestrokes If the drum be moved In a dis- 
continuous manner and at nearly the same point where Its motion is con- 
tinuous, and that the pressure at any point of the stroke may be obtained 
with any degree of accuracy by allowing a sufficient number of strokes 
before the drum is moved. By a simple device, N, 0, the release is mads 
to occur at will during the fbrward or backward stroke ; otherwise, the 
pressure shown wonld be the average of tbe steam and back pressures. 
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On thx DNiroRMirr ov pumimktbr uEisuitKUBNTS. B; Prof> T. C. Hkn- 
DKNHAU. and John Hick, Terre Haste, Ind. 

[IBITRACIT,] 

Srvkiul series of plsnlmeter meisarements of dUgr&ras of the ateam 
Indicator, showed tbat Ihe range of the results when the readings were 
bj the same and by diflhrent lodlvldDals was not greater than one perceot 
of the whole. 



s OF DTMAMO DEBiOK. B7 Framk C. Wagnbr, Lynn, Mass. 

[ABSXBJkCT.] 

Most of the writers upon the theory of dynamo destgn leare sd aodeter- 
mined factor In their farmnlta. This Ikctor, which Is the ratio of the 
magnetic Indaction through the armatnre colls to the magnetlztDg force of 
the field magnets, is commonly determined by experiment. In the fol- 
lowing It win be shown how this factor may be calculated from the form 
and dimenaloDs of the Iron parts of adynsmo. 

In the ordinary formula for dynamos, E = i Nn H, Hie the magnetic 
IndnctloQ. The magnetizing force, ilf, eqaals ( . n' C, where n' Cla the 
□umber of current-tenos In the field magnets. Onr problem is, Jf being 
given, to determine H. 

In Haznett's "Electricity and Magnetism "Vol. il, Art. 4SB, we read:— 
"The magnetic Induction Is a quantity of the nature of a fiui, and satis- 
fies the same conditions of ciutinuity as the electric current does." 

" In Isotropic media the magnetic Indaction depends on the magnetic 
force In a manner which exactly corresponds with that In which the elec- 
tric carrent depends on the electromotive force." 

Now If we wind a soft iron ring with a number of tarns of wire, and 
send a carrent through the wire, the magnetic ladnctlon may be said to 
pass through an isotropic medium ; It may therefore be calculated from the 
Impressed magnetic — or magnetizing — force and the magnetic resist- 
ance of the magnetic elrcoit. This magnetic resistance Is found from the 
length and cross section of the Iron, Its specific mSignetlc resistance being 
known, in exactly the same way as Is electrical resistance. Let as cot a 
small piece out of oar Iron ring. The magnetic resistance of the circuit 
is now made np of two terms, the resistance of the Iron, and that of the 
air space. Thla may be calculated In the same way as the electrical resist- 
ance of a circuit composed of metals of different condncttvlties, provtdtd 
that the air resistance Is not too great in coraparlaon with the reslst- 
anceoftheiron portionoflhe circuit. The magnetic resistance will then be 
made up of terms like ^ ; where I la the length of the body parallel to the 
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Itnes of magnetic Indactlon, ^ ia the coefficient or permeabllttj, ind A ii 
tb« croM section perpendicular to the lines or force. 

In a well constmcted djuuno the atr resistance ahonld be ot tho same 
order of roai^iltiide as the magnetic rMlstance of the Iron portion. Hence 
this simple method mm; be applied to determine the magnetic IndacUon 
In d;namos when we know the Ibrm and dimensions of the iron part*, mm! 
the magnetizing force of the field colla. The vrller has applied Uils 
method to two dynamos diflbring widely In construction, and haa obtained 
a very satlsfbctory agreement with experimental results. 



On tiib TRBOBias of trk i^tiral pRBSstJiiB or exso aqainst rktatnikq 
WALLS. By Prof. Mansfikld Mbbriuan, Lehigh Unlrerslty, Betble- 

[ABSTRACT.'] 

Trr paper points out the assnmptlons or hypotheses npon which tbe 
TerloDB formulas for the lateral pressure or earth are based. These hy- 
potheses are In most cases shown to be arbitrary, and to lead to Incorrect 
formulas except in s f^w limiting simple cases. It is claimed that no 
existing theory gives results which are correct for all cases, and that tbe 
defects of all methods lie In tbe assumptions. The point of departure for 
an exact theory seems to be a definition which shall include the physical 
properites of sand in regard to the direction of its pressure. This defini- 
tion, having tieen established by experiment, wlU then take tbe place of 
the arbitrary hypothesis now employed. 



Error of approxihatb oalcttlatioms of ths XFrECT of thb inertia of 
THit HOviNQ parts of a stbam moiNB. By D. 8. Jacobus, M. E. 
Instructor in Experimental Mecfaanlca, Stevens lostltnte, Hoboken, 
N.J. 

[ABSTRAOT.] 

Tbe forces given below are obtained by considering the moving parts 
as free bodies in space and calculating the forces required to prodace tbt 
acceleration experienced. By employing this method all the forces re- 

u Qnaitarly Air 0«- 
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quired to prodace the motion are Incloded In the iDalysIa uid an exact so- 
laclOD of tbe problem obtained, whatever the shape of Ui« connecting rod 
may be, provided It* centre of gravity Is on the Hoe Joining the centre of 
the crank and croM head pins. 

Xfae forces required to produce acceleration are 

J^= Jfr'fl («!»» + Z). 

T. mr*j;{"'-^-J^'j,t»>. 

Xn which 

F=^ force required to prodace acceleration of piston, piston rod and 
cross head. 

Yi sa vertical component of accelerating force at croHH-head end of con- 
necting rod. 

Ti »• vertical component of accelerating force at crank-pin end of con- 
necting rod. 

J*i = horizontal component of accelerating force at cross-head end of 
connecting rod. 

Pt = horizontal component of accelerating force at craok-ptn end of 
connecting rod. 

M^ mass of piston, piston rod and cross head. 

m = mass of connecting rod. 

T = angular velocity of crank. 

S ■= radios of crank. 

n£ = length of connecting rod. 

IB ■■ distance from cross-head end of connecting rod to its centre of 
gravity. 

KS = principal radios of gyration. 

» » cmnk angle. 

2 _ n*eo^t — fi'sinV + HnU 
(«• - rin'»)i 

Tbe atwve equations are subject to the following conditions. 

1. Thai the crank maintains a uniform angular velocity. 

2. That the croas-hesd pin and crank shaft are on the centre line of the 
piston produced. 

3. That the centre of gravity of the connecting rod is on a line passing 
throagh the centres of the cross head and crank pins. 

The equations given have been deduced by three methods, each being 
need as a check upon the others, viz. : — 
1. By conceiving the mass of the rod divided Into two equal musses, 
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coDcentrftted At distances equal to the piiDclpAl radios of grr&tlon on eltbei 
side of the centre ofgravlt; and determining the forces neceasarj to pro- 
dace tbe reqalred moTement of the rod wlthont sepsratlng the rotsdve 
from tbe trsDBl&tlTe forces. 

2. B7 constderlDg the.entlre mass of rod concentrated at centre of graT- 
It; of latter to determine translative fortes and then comblnfag the lesolt 
TFltli the couple required to produce rotation of rod considered as a com- 
poDnd body about centre of gravltf. ■ 

8. Bj combining tranalatWe and rotative f6rcea deteriDlned onder 
assumption that connecting rod rotates about the wrist-pin.' 

These equations become Identical with those given by Prof. S. W. Rob- 
inson In his article ou Counterbalancing of Engines, Trans. A. S. of Hech. 
Kng., 1831, and by Prof. Marks as reported in Journal of Franklin Insti- 
tute, 1679, If the special asanmptlons are made that these writers have In- 
troduced regsrdlDR dlstrlbatlon of weights and simplicity of form. Tbe 
equations herein offered may be applied to any shape of rod or any dlstrl- 
bntlOD of weight beyond tbe crank and wrist pin by determining radios of 
gyration of tbe rod. 

In the first practical case considered herein tbe radius of gyration was 
determloed botb by experiment and by calculation. The method of cal- 
culating by measurements consisted In considering the rod to be divided 
Into sections at right aogles to its centre line, finding weight of each of 
these sections, centre of gravity of the whole rod and finally the radius of 
gyralioQ. Forty-five sections were taken tu tbe rod. The resnlta obtained 
by experiment and by calcnlation are as follows : — 

By exp't. Calen'd. 
Distance of centre of gravity from cross head pin, . . 23.1S" 2S.09" 
Principal radios of gyration 16.0" 14.09" 

The figures show that the radlas of gyration can be obtained with 
abundant accuracy from calculations based upon a limited number of 
measurements of the rod or from a drawing of the same. Therefore for 
the second and third practical cases to which these formuls are ^plied, 
the results of which are given below, the radius of gyration was calco- 
lated Tiom dimensions obtained from drawings of the rods, the sectloDS 
being tskea In a similar manner to that employed In the first case Just 
described. 

The three cases to which tbe equations are applied are representative of 
the three practical types of engines In most common use, vis. : — 

1. High speed engine of small power, New York Safe^ Steam Power 
Go's Horizontal Engine, 10" X 18". 800 revolntlons per minute. 

2. Locomotive Passenger Engine, Class F, Fa. R. B. Co. Bevolntlons 
taken at 2S0 per minute. 

I The fint nnd Mcond of Ihgae metliodB are conildered ttaa most utlifkctoir, u by 

them ceatrifUgal force, due to rotition oC rod, [■ ellmlDBtsd and the Blmpleat hdiiItsU 
hereby obUUned. The third method Ii that followed by Mr. F. £. J&clisoD, Jomn. 
Frank. iDBt., Sept. 18M, to determine BOme of tbe foices given herein. 
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S. Slow speed Engina, CorllM Knglne, 2^' X 60". 60 revolDtlons per 
xnlnnte. 

The results «re coDtnsted In the ttccompsnylng table with O^res ob- 
t^alned by the apprazlmmt« methods set forth In the admirable treatise of 
C T. Porter on this suhject In which the lateral accelerating forces of the 
conaectlng rod are eotlrelj neglected. 
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Colamns 1 and 2 contalo valaes of maximum pressure tw which the 
crank pin Is subjected In pouuda per aquare luch of piston area. Columns 
A Biid 5 coDtalu the ratio of the periodical excess or deflclujicy of energy 

to the whole eDergv exerted per rerolntlon which Is egnlvalent to 

fpd* 
InRaokine'seqaatlous for size of flywheels.' 

Indicator cards of the engine were used iu order to obtain pressure of 
•team on the piston. 

Ad inspection of the difference giren In coluiaos 8 and 6 will show that 



*ff . 



1 crank pin. 



Porter's method will give as accnrate results as are required for any prac- 
tical use. If, however, the proper size of connterwelght Is to be deter* 
mlued, the exact formuln may be required. It Is the pui-puse of the writer 
to dlscDSB the counterweight io a saccceding paper. 



Heckikical tKSPBcnONS of railwat tracks amd rksults obtaihsd. 
By P. H.-DUDLBY, Now York, N. T. 



Thk diagrams of mechanical Inspections of railway tracks to be of much 
valne mast be taken with Instrumeuts giving positive resnlts, which can 
be repeated at stated Intervals for comparlsonB. Studying such diagrams 
of varloDS railroad tracks, it was ascertained that the rails bad quite deS- 

* Banklna's Steam EDghie, page SO, 
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nite foTiDS of permBDeot set In regard to their vartlcal bends, wbleb ulE 
recently coald be classlfled ander three princlp&lprlm&rr forms, T)s.:'nt 
flrat, second nod tlilrd. Tbe first form inclndes those mUs low it 
Joints ind high la the centre. The second fbrm, those rails low st 
Joints snd centre bat high at the quarters. The third Ibrm tnclados tboM 
rails harlni; s series at short Irregulsr bends. The first »iid second fuw 
are acquired In service, though the higher standard of track malntalMd, 
the less the permanont set and cost of transportation. 

On tmnh Hues, the track In best condition, the second form of pens*- 
nent set predomlnntlnR, the coat per ton mile for freight Is sboot Toir 
mills, but on a tine where the Brst form predominates, the cost isoTcrttt 
mills. The third form Is principally dae to want of care In mannfactnTc 
and flnUh of the rails, at the rallls. The dlfHcuUles of rolling; lncr«*N 
with the weight nnd section of the present beav; rails. So fhr, the expe- 
rience with them Is that the loss of metal per ton, passing over then. Ii 
greater than with the light rails, bat the cutting of the ties reduced, and 
the safet; oud stability of the track Increased. Connected witb the mech- 
anism for taking diagrams, Is an ipparstDs for Meeting paint on the ralb. 
when deflections occur, showing tlie trackmen where to snrfkce the rail*. 

This has proven of ao much benefit, that several roads have been sbl* 
to reduce the deflection Id heavy rails to less than one-eighth of an fiic' 
in eleven feet of the rails. In tracks where aach a high standard Is msln- 
talned, the rails of good steel do not cut oat or wear at the ends but little 
If any ^tei-than on the entire length of the rail. This la an Important 
matter, for under a lower xtandard of track, many of tbe rails have been 
so bndly cut out at the receiving ends as to require taking np from the 
track, sawing off the ends, redrllllDg and relaying, before they conU be 
bronght np to a fair surface. The Indications at present are that r«ib, 
having a good surface wlien new, can be maintained in nearly unlForm 
snrbce their entire length, for many years. With the Increased whefl 
load cars and locomotives the section of the rait must be made sttfTer and 
the weight of the rail Increased. To Insure proper wear the width of th« 
heads of the rails roast be Increased. 



An IMPROVKD ABRANaBMENT OF SiKHKNS' PIUTINUK PTROHRTEK FOR 
HEASL'RKMEHT OF BIOH TEUPERATURES BY THE VARIATION OF BLtC- 

TRiCAL KB8ISTANCB. By J. G. Dbkton, StsveDS Institute, Hoboken, 
New Jersey. 

{ARSTRACT-l 

Thk paper explains an arrangement of Siemens' platinum pyrometer 
In which tlie wires, leading from a galvanometer to the small platinao 
wire whose resistance Is to he measured, are protected by the clrcolatloa 
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of water in m eoTeloplDg tntw of Iron, thus permitting the Appantoa to 
remftln sabjected tn high temperftturei for any desEred length of time. 
"Pile appai-ataa provides a means whercbj a shield of aBbestoa cim be used 
to ellmlUBte the effect of direct radiation from the [nel, thereby enabling 
Uxe heating cDbct of the gaseous products of combustion to be determined 
separately. Attention Is called to the Tact that recent InTestlgations to 
determine the relation between the temperainre and electrical resistance 
of platinum, by Mr. Callender of Cambridge University, England (Pro- 
ceedings Roy. 8oc., 1888) confirm the formula given by Siemens In his 
original memoirs npon the subject. [For full paper see " Electrical 
World."] 



Ok tuk thkoretical nrrKcr of kruors c 



DicKTON, Stevens Institute, Uoboken, S. J. 

[IBSTOACT.'] 

Thr paper presents the results of simultaneous measurements of the 
total heat of steam, with an open barrel calorimeter and condensing worm 
calorimeter, respectively, showing thereby that successive determinations 
with the farmer Instrument differed fkr more widely from each other than 
was the case with the condensing worm. A theoretical dlHcusslon and 
calculation at the maximum and probable errors ofeach Instrument showed 
that this Irregular behavior on the part of the barrel conid not be attrlb- 
nied to observational error. The hypothesis was therefore advanced that 
the steam ruxhlng into the barrel sometimes parted with Its heat by bub- 
bles of vapor I'hting In a finely divided state to the surface of the condens- 
ing water, and giving off latent heat to the atmospbere, the agitation of 
the water causing such HcUon to escape the attention of visual obaerva- 

Regnault's apparatus tor determining the latent heat of steam, whose 
reaolts are universally used as a standard, was exhibited by diagram and 
Its theoretical error shown to be leas than any form of calorimeter used 
In practice. Tho gse of a condensing worm form of calorimeter was urged 
OS the only reliable form uf apparatus and the continuous form of Instru- 
ment as designed by Mr. C. H. Barms was recommended as the best yet 
proposed. 



■ roc mil paper aa« " Amerleon Iing;laMi 
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JOINT SESSION OF SECTIONS D AND I. 



The Quxenoir or Istbhiam traksit. Bj CommaDder H. C. Tatiak, 
U. S. Navjr, Foughlie«p«i«, V. T. 

[ABSTRACT,'] 

Rkfirxmci ta the three roates considered, Nlcaragnft, Tebiuuit«pec mad 



Brief description of Panama caual and Its present condiUon ; work 
done, debt Incnrred. 
Fropoaed plan of ship railway across TebDantep«c, brief deacrlptton. 
Adrantagea of Nicaragua dlacuased. 
Development of Central America. 
Establishment of Industries. 
The iatematloDHl qnestton. 
Nentrallty of the canal. 

PoHslble aggression of powerfdl roarttlme nations. 
The relation of the United Stues to the canal in the future. 



Xhk knoikbkrino fkatures or the Nicaragua canaju By CItH Engi- 
neer R. B. Peary, U. 8. N., Waehiogton, D. C. 

[ABSTRACT.] 

Ths Nlcaragna Canal Is known by name, probably, to ninety-nine ont 
of every bnndred persons In this country ; bnt the revised ronte, the en- 
larged capacity and the new features presented as the result of the last 
sarrey, made two years ago by the United States government expedition 
In charge of Civil Engineer Menocal, United States Navy, are not so well 
known and of them I will speak. The distance from ocean to ocean by 
the proposed ronte Is 169.6 mites. Of this distance, however, only 40.3 
miles are actual canal, the other 123.6 miles belug free navigation tbrongh 
Lake Nicaragua, the Rio San Juan and the valley of the San Francisco. 
Beginning at the port of Brlto on the Foclflc side, the canal ascends the 
valley of the RLo Grande by four locks, and cutting through the low " di- 
vide" enters Lake Nicaragua lT.ii7 miles from Brlto at an elevation of 
110 feet above the sea. The route then extends across the lake, which U 
40 miles wide and over 00 miles long, to Its outlet Into the Rio San Juan, 
a distance of 66^ mllea. Then down the broad deep reaches of the ma- 
jestic San Juan to the dam, 6i miles n-om the lake. This dam, l,SS5 feet 
long and 63 feet high, backs the water of the river the entire distance to 

1 Ttaii and the three foUowlog paper* will be piiuted la full and can be had Tuna tba 
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Ibe lake mnd makes It almpljr uj eztenslon of the lake. Od the oortii 
bank of the river Juet above the dam a short section or canal, Icbs than 
Xsro mllea long, cnts throagh the hills Into the T-sbaped valle; of the Rto 
Sad ^Franclaco lying north of the San Jaan and separated from It bj ft 
range of hills. An embankinent 6,600 feet long and 1>1 teet hlgb In the 
centre, bollt acnMS the steni of the T, floods this v&lle; to the level of 
the water above the dam and makes about ten miles of lake nftvlgkUon. 
At tbe eaatern ead of this lake commences the eastern division of thia 
canal and plercea llie " divide" bj a cut 14,200 feet long and averaging 
149 (ieet In depth. At the eastern end of this cut Is the upper lock of the 
Atlantic flight. From here the canal descends the vallej of the Deseado 
by three locks to the sea level and stretches across tbe Ingoon region 
back of Orejtotvn to the harbor eleven and one'half miles distant. From 
tbe last lock tn Orejtown, tbe same as at Brito on the west side, the 
canal Is enlarged, forming an extension of tbe harbor eleven and one-half 
miles inland. Tbe lake and river must form a part of any and every ca- 
nal roate through Nicaragua, and the location as a whole Is tbe resntt of 
Civil Engineer Menocal's complete and exhaustive personal knowledge of 
tho entire country from ocean to ocean, gained Id tbe course of eight dlf- 
flerent surveys extending over a period of flfteen years and supplemented 
by a conaclentloos stady of all that has been done by others In Ibat region, 
or tbe 10.8 miles of actual canal, about twenty-seven miles will be ex- 
cavation pure and simple, while the remaining thirteen mites \rlll be largely 
ifootentirelyexcavated bydredges. With theconvenlent dumpliigground 
for earth excavated, with a targe portion of the rock flrom tbe summit cat 
utilized close at hand In the coastrnctlon of tbe locks, the dam across the 
RIO Orande, and In pitching the slopes of the canal, and a still Inrger qaan- 
tlty to be consumed In tbe constmctlon of the breakwaters at Brito, the 
work in tbls section admits of the most economical execution. The " di- 
vide " cnC fVom tbe basin of the San Frnnclsco to the upper lock, U,200 
feet iu length and with an average depth of 149 feet. Is, It Is ndmltied, a 
very eeriuDs job, but wttb the neighboihig streams offering water iit a high 
head for removing the surface earth by hydraulic mining, with a large 
plant of power drills worked by compressed air, flTom the same source, and 
tbe Dse of modem explosives to remove the rock, with a large proportion 
of the excavated rock to be nsed In the construction of the locks and the 
dam, and In pitching tbe slopes of the canal; and a still larger quantity 
ntUlzwl In the construction of the harbor at Qreytown; with the laborers 
atrave the miasma and mosquitoes of the swamp and exposed to the pure 
breath of tbe " trades" the work cnu be done without serious difficulty. 

There are two features of this project which to many who have not made 
SQCb structures a stttdy cause a question of safety to arise; one is the dam, 
Which at one stroke gives ns sixty-lbnr miles of river navlgstlon, and the 
other is the embankment, which at a second stroke gives us over eight 
miles of lake navigation and completely solves fOr that portion of the canal 
frooi the dam to the "divide" (thirteen miles) the Important problem of 
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protection from suTface draimige, bat neltlier of them la knything moie 
than " small potatoes " when cotnpai'ed with many others scattered about 
the world and serving mach less Important purposes than thoae ander 
consideration, and beside tlie Quaker bridge dam the; are pigmies. RIebt 
here at the Croton reservoir Is a dam which Is to-day standing twice the 
atralD that either or them will ever be called upon to resist. The locks are 
magnlBcent strnctureB of concrete 650 feet loDg, ttO feet wide, and 30 feet 
deep, capRble of containing any merchant vessel afloat, except the Qreat 
Saslern and possibly the City of Some. The necessary machinery for moT- 
ing the locks and culvert gates, for hauUng the ships In and ont of the 
locks, for electric lights aod otber purposes will be worked by bydranUc 
power farolshed by the locks themselves. 

In regard to the geoeral question of locks the late Colonel Jobn C. Ste- 
veoB, for many years president and chief engineer of the New Jersey By- 
road and Canal Company, and Jnstly regarded as the most emtnent canal 
engineer In this country, said in an article published In the AmerUan £■- 
innMrof Jan. 30, 1885: 

" Locka are absolute soarcoa of safety. A sea-level canal being Bank 
below the level of the anrronndlng country thereby becomes a drain, and 
is necessarily sabject to all the risks from water that such a location en- 
tails, however skilfnlly the plans may be designed and the earthworks con- 
structed. Unknown and uncertain risks must be assumed and the chances 
taken thereon. The precise amount of these will vary, but under the beat 
conditions they may be appreciable, while under those that are anfavoi^ 
able they will be such as to seriously Impair the value of the work as a 
reliable channel of trade. The adoption of the lock system raises the 
canal above the ordinary drainage, and thus materially lessens the dan- 
gers which arise from that Insidious enemy, water; and if the canal Is well 
located they can generally be entirely removed." 

And the same dlstlngulsbed Ashbel Welch, to whom Colonel Stevens re- 
fers, says ; " An artiSclal strait, a water course without Impediment and 
all such phrases have a magnlflcent ring, hut to spend millions of dollars 
/or sn idea or to satisfy an unreasoning or an uninformed public opinion 
Is bad engineering. Thnt Is the best engineering, not which makes the 
most splendid, or even the most perfect work, but that which makes a 
work that answers the purpose well at the least cost. The demand of the 
public for a canal wltliont locks reminds one of Charles Lamb's yonthfUI 
Chinaman, who for want ol knowing any cheaper way burned down his 
house to roast his pig." Agdn, " as for accidents, there Is less danger 
with xultable appliances than on any other 1,000 feet in the canal, for ves- 
sels are under more perfect control." Stephenson, the celebrated English 
engineer, says: "It is a curious fhct Illustrative of the strength of preju- 
dice that when Whltworth proposed to form a lock atLelth In 1786 it met 
with strong opposition on the ground of its being dangerous to shipping." 
And be adds, "such an objection, it Is almost needless to add, is never 
now heard of." 
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TOHlar not & Teasel dlacharges at Liverpool or Havre thkt does not pasa 
throDgb the dock gates, which Is equally or more dlfficatt than enterlog a 
lock, and I coDid flU a page with a list of French and English porta at 
^blch ever; Teasel must pass throogh tvo locks berorc she can reach the 
qnay to discbarge. Much has been said about the harbors at the termtnl 
of the Nicaragua roat«, bat neither time nor space will permit me to enter 
Into the discussion here. It may be said, however, that there Is no prac- 
tical route for a canal across the American Isthmus that has good harbors, 
aod It Is believed that those at the termini of the Nicaragna canal can be 
made first class at less cost than those of any other route. There is 
nothing more difficult In the Improvement of Brlto Harbor than has been 
successfully accomplished at numerous French and English breakwater 
protected ports and harbors, and the maintenance of the harbor of Orey- 
town will be a much less serloDS Job than Is the maintenance of the Port 
Said entrance of Saez, with the enormous silt discbarge of the Kile driven 
acroBS Its month bj strong littoral cnrrents. 

Iiake Nicaragua has a surface area of some S,000 square miles and a 
driilnage area of not less than 6,000 square miles, and tbe Rio San Juan, 
Its only outlet, discharges at its lowest stage, near the close of tbe dry 
season, eight times tbe maximum sopply required by the locks. An Inex- 
hanstlble supply of the beat building material, such as lime, natural ce- 
ment, stone and timber, can be obtained on the line of the canal, and with 
an abundance of palm leaves for thatching, snch temporary buildings as 
are required for tbe accommodation of the working fbrce and the protec- 
tion of property can be constructed at little more expense than that of 
handling the material. 

At Suez tbe traffic has been seriously delayed by the dimensions of the 
canal and the Inadequate number of the tarnonts. In tbe present project, 
not only have enlarged prisms been provided for, but large basins are 
proposed at the extremities of tbe locks. These basins, the eniargement 
of tbe canal at each end, with the lake, tbe river, and the San Francisco 
basin, win permit vessels to pass each other without delay at almost every 
point on the route. In S2.37 miles, or 67 per cent, of tbe canal In excavation 
the prism is large enough for vessels In transit to pass each other, and of 
a sectional area In excess of the maximum area in the Snei Canal; the 
remaining distance In which large vessels cannot conveniently pass each 
other Is so divided that the longest Is only 8.87 miles In length; that, with 
two exceptions, those short reaches of narrow canal are situated between 
the locks and can be traversed by any vessel In less time than la estimated 
for the passage of a lock ; consequently, unless a double system of locks 
be constructed, nothing will be gained by an enlargement of tbe prisma. 
In the lake and In the largest portion of the San Juan River vessels can 
travel almost as fast as at sea. In some sections of tbe river, and possi- 
bly In the basin of the San Francisco, although the channel Is at all polnta 
deep and of considerable width, the speed may be somewhat checked by 
reason of the curvea. 

A. A. A. S. vol. XXXVI. 12 
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la.Wmiletof cinal.at It mlJe*sn hOQi 7 4S 

8^1 mllee in tfae San Fnnolica bnalo, T mile* u hour .... 1 14 

eiJUrntteiluSaD JninRlTur, ■IBmllMSD boar 8 4 

W^mlloln ttieUHeU IDmllfliiin honr S St 

Time BllDwed for pusiios ■evan locka, at tf mloaU* each ... B 19 

Allow for detention Id narmw onti, eto S DO 

Total time M 00 

The experience of tbe Suez Canal showa that the actaat time of transit 
is more ilhel; to Tsll under tbui to exceed the above estimate. Tbe 
traffic of Die canal Is limited by the time required to pass a lock, and on 
the basis of forty-flve minutes (above eatlmated), and allowing bat one 
vessel to each lockage, the namber of vessels that can pass throogb the 
canal In one day will bo 82, or, in one jear, 11,680, which, at tbe average 
net taunBKc of vessels passing the Snei Canal, will give an aoDnal tralDc 
of 30,140,000 tons. This is on the basis that the oavlgatiQn will not be 
stopped dnrlng the night. The estimate of tho total coat at the canal Is 
964,048,699, which som iuclades ttrenty-dvs per cent for surveys, bospl' 
tals, etc., and contingencies. The completion of tbe canal will require 
six years, one Tor final location and Ave for active work of constrnctloD, 
and the probable traffic for 1893, the possible date of completion of Ni- 
caragua Canal, 6,606,814 tons. 

If there is any lesson or meaning la the history of the past twenty 
fears; If what has been la of the slightest value as a criterion of what 
will be, then In ten years or less after the completion of the Nicaragua 
Canal It will have to be double tracked; that is, the locks will have to 
be doplicated and some sections of the canal widened, and then Its capac- 
ity will be anllmlted. The lake, the river and the basin of the San Fran- 
cisco can already pass the commerce of the world. 

The canal route which I have had the honor to describe does not con- 
lain a doubtful or involved problem or one which has not been already 
solved by engineers. There la not a detail of the work which, if Intelli- 
gently designed and properly constructed, will not be as free from danger 
as any woi'k of human hands can be. 

The features of the canal are bold, bat they are bold wlthont foolhaid- 
Iness, bold with the confldence born of Intimate knowledge of the coun- 
try and the possession of engineering level-headedness. For centnrles 
the exqnlslte, fragrant breath of the " trades" has swept across the lake, 
bearing whispers of Its beauty over the narrow " divide" to the Faclflc; 
for centuries the blue waves of the lake have heard the mnrmnr of the 
PaclQc surf and dashed themselves Qpon the shore In vain attempts to 
force the hand-breadth barrier. For centuries the crafts of men have 
tolled thousands of miles to gain a doxeu ; but to-day tbe impatient com- 
merce of the world cries, "Bend the puny barrier and let me through," 
uid oar own Imperial Orient and Occident-facing republic answers, "Rend 
the puny barriers and join ray coasts in one unbroken stretch from East- 
port to the Straits of Fuca." 
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C1.1MATIC AND akVTtAKV AOTBs OET THE Nicaragua canal ROirrs. B7 Dr. 
JoBN F. Bramsforii, n. 8. N., Smltbaonlaii Initltatton, WuhlDgtoa. 

[ABSntAOT-l 

Thr backbone or the coDtloent, leaving Costa Rica, rnns northwest 
acroHS the coarse of the trade wind. The section ander consideration ts 
the depression In the ridge between the moantalna of Legovla, foor thoa- 
sand feet bleb, and the peaks of Costa Rica, orer eleren thoasand. The 
bottom of the depresatOD is occupied by Lake Nlcsragaasnd the Bto San 
Jaan- The ails of the valley Is nearly eaat and west, and, lying In the 
belt of the northeast trades, there Is an almost constant breeze throngb 
this gap to the Pacldc. This wind. In drying and TentDatlng the country 
and lowering temperatnre, is the great sanitary agent. 

The temperature of Nlcaragna, as shown by the records of Cbllds, Lull, 
Flint and the recorder at Qranada, Is very uniform. In the records of Ave 
years the maslmura Is 93°, and SG" the mlnimDm. 

The tropical cloud-belt, which follows the son north, Is late reaching 
Nlcaragao. And the duration of the wet season Is shorter and Ibe rain* 
fall less than In more southern sections of Central America. In the rec- 
ords used the greatest rainfall was 97.70 Inches and SS.98 the lowest. 

Fortonately, the work of catting through the swamps of iha eastern 
section will lie done by macblnerv, requiring (bw white men to be ex- 
posed. The heavy cat coming next Is through hills, aflbrdlug excellent 
sites for camps. The neighborhood of the great dam has similar advan- 
tages. Wherever good camping groond la not convenlsnt on the river, 
parties can sleep In flat boata anchored to get the wiud orer a stretch of 
water. Because of the Immense surface of the lake, and the river receiv- 
ing no considerable tributary above tba month of the San Carlos, the np< 
per San Joan Is not subject to the sudden floods that leave conditions 
favorable for malaria. West of the lake the conditions are as l^vorable as 
iu almost anyconntry. The drainage Is good; there Is practically no rain 
for six months of the year, and the constant breeze at this season has lost 
Its moisture on the Atlantic slope. The nlghta are cool, permitting re> 
freahlng sleep. 

Drinking water Is good along the whole ronCe of the canal. The culti- 
vated Paclflc slope of Central America will farnlsb fresh provisions. 
From Ihe pastures of Costa Rica, Chontales and Honduras good beef will 
be supplied, and everywhere fraitmay be raised without limit. The abun- 
dant timber will make inexpensive houses and hospitals, which can be de- 
stroyed when desirable. The cooperation of the Nicaragua government 
will make practicable rigid discipline In camp police, quarantine, etc. 

In the paper are an abstract of the medical joamal of the surveying 
party and discussion of sites and sanitary arrangements for camps, hos- 
plLals, etc. 
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NOTBa OH THB HI8T0RT OF HtCASAODA, AXD IBB IDTANTAOM OW TBI 
LAKE TO AN ISTHMIAN CAMAL, SHOWIMO WHT TBI PKOJKCT BBOCU> 

BE BEOUK AT OKCE. By J. W. UiLLRB, Pier 86, S. R., NeirTorfc, 
N. Y. 

[autbact-] 

I. A BHOBT hiBtorr of the vailoQS schemM for connecting tbe two 
oeeana at Nlcarogaa, Itoiii the time of tbe early Spftuiah Mttlement to the 
prcHent time. 

II. Memorandft obtained b; the anthor, while In Nlcaragoa, coDcernlng 
the geographical fitneis or the route ; aUo notes on the lake and ilrer *a 
gained by personal observation. 

III. BeaeoD wby the time is now ripe Ibr tbe enterprise and the dnty oT 
the hour. 
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TICS FBKSIDEIIT, 



TBS WORK OF THS INTEBKATIONAL CONQBSSS 
OFOSOLOOISTS. 



Blevzm jears ago the Association met at Buffalo. It was the 
year of the CeDteDDial Exhibition, and ve were honored hy the 
presence of a nnmber of European geol<^iata. This naturally 
opened the eabjeot of the international relations of geology, and 
the proposition to institute a Congress of geologists of the world 
took form in the appointment by the Association of an International 
Committee. The project thus initiated found favor elsewhere, and 
there resulted an international organization, which up to the pres- 
ent time has held three meetings. It convened first at Paris !n 
1878, then at Bologna In 1881, and at Berlin in 1885. Its next 
meeting will be held in London next year, and an endeavor will be 
made to secure for the United States the honor of the fifth meeting. 
The original coriimitt«e of the Association has been continued, with 
some change of membership, and has sent representatives to each 
session of the Congress. 

Tlie work of the Congress as originally conceived and as subse- 
quently undertaken has for its scope geologic nomenclature and 
classification, and the conventions of geologic maps. The partic- 
ular ciassificaUons attempted aie the establishment of the major 
divisions used In historic and stratigraphic geology and the sub- 
divisioa of volcanic rocks. In nomenclature three things are un- 
dertaken : fl»t the determination of the names of historic and strati- 
graphic divisions ; second the formulation of rules for nomenclature 
in paleontology and mineralogy ; and third, the establishment and 
defiaition of the taxonomic terms of chronology (period, epoch, 
C188) 
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etc.,) and of stratigrapliy (system, series, etc.). The mapcoDTen- 
tiona moat discussed are colors, but all signs for the graphic indi- 
catioD of geologic data are considered. The Congress has also 
undertaken the preparation of a large map of Europe, to be printed 
in forty-nine sheets. 

The work was for the moat part planned at the Paris meeting, 
and committees were appointed to formulate suhjects for action by 
the Congress at subsequent sessions. Briefly stated, the work ac- 
complished to the present time is as follows : Agreement has been 
reached as to the rank and equivalence of the taxonomic terms em- 
ployed in chronology and stratigraphy, a set of rules for paleonto- 
logic nomenclature has been adopted, and many sheets of the map 
of Europe have been prepared for the engraver. A partial classi- 
BcatiOQ of stratified rocks has been agreed to and also a partial 
scheme of map colors, but the reports of proceedings indicate that 
action in these matters is tentative rather than final. 

It is understood that both of these subjects will have prominent 
place in the proceedings at the London meeting, and the Ameri- 
can committee is endeavoring to prepare itself for representative 
action at that meeting by ascertaining the opinions of all Ameri- 
can geologists on the various subjects. It has asked this Section 
to set apart a day for the discussion of some of tlie more important 
questions, and it can hardly be doubted that the Section will rea- 
lize the mutual advantage of thus assigning the time requested. I 
am personally so impressed with the importance of the possible 
work of the Congress that I shall devote the present hoar also to 
its consideration. 

The first thing the Congress did was to select names for a set of 
categories to express the taxonomic rank of stratigraphic divisions, 
on the one hand, and of chronologic divisions on the other. In 
the terminology of zoology and botany the words kingdom, class, 
order, family, genus, species, etc., however difl3cult of definition they 
may severally be, nevertheless are used always in the same order 
of inclusion. No systemalist in those sciences would think of groop- 
ing orders together and calling them a family, or of styling a group 
of families a genus. But in geology there is no such uniformity 
of usage. With some writers a group is larger than a aeries, with 
others it is smaller. With some an age includes several periods, 
with others a period includes several ages. There are even writers 
who ignore the distinction between stratigraphy and chronology ; 
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and among the class! flcations Biibmitted to the Congress is one id 
'nrhich an age ia subdivided into systems. Tliere is a mauifast ad- 
vantage in bringing order out or this chaos, and so great is the 
utility of nnirormity and perspicuity that the decisions of the Con- 
gress in this regard will unquestionably be followed by future au- 
thors. The terms and the order adopted by the Congress are as 
follows: Of stratigraphic divisions that with the highest rank is 
group, then sgstem, avriea and ataffe. The corresponding chi-ono- 
logic divisions are era, period, epoch and age. This order of rank 
is strange to moat English readers and writers, and so is one of 
the terms — stage — but tlie strangeness is only a temi>orary dis- 
advantage and will not seriously retard the adoption of the conven- 
tion. Tlie fact that we have previously used the words in a different 
sense, or that their etymology might warrant a diflerent meaning, 
need not deter us, for we know from frequent experience that the 
connotations of aword transferred from one use to another quickly 
disappear fVom consciousness, leaving it purely denotative. The 
introduction of the word stage, which can hardly be said to have 
had an English status heretofore, or at least the introduction of 
Bome new word for that paii; of the column, was necessitated by 
the restriction of the word formation to a special meaning, — the 
designation of mineral masses with reference to their origin. 

The same restriction vacated another office that had been filled 
by formation, and to this office no appointment was made. I refer 
to the use of the word to denote indefinitely an aggregate of strata 
— as in saying, This formation should be called a series rather than 
a system. This is an important function, for which some provis- 
ion must be made. I suggest that we may advantageously enrich 
our language by the permanent adoption of terrane, a word whose 
English meaning has not been well established. 

The fixation of the chronologic terms creates a similar difficulty. 
We have crystallized out of our magma the terms era,period, epoch 
and age, and there remain in the graund-mass only eon, cyde and 
time. Of these, eon has a poetic connotation which seems to unfit 
it for this particular use ; cycle implies repetition or recurrence ; 
and time has been so generally applied to unlimited duration that 
it is difficult to apply it aUo to limited duration, even though the 
nature of the limitation be indefinite. On the whole, time seems 
open to the least objection, but I cannot help regretting that 
either period or age, both of which have heretofore passed current 
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ia the indefinite sense, wks not reserved b; the Congress for that 
ininction. With English-speaking peoples the word eon coald have 
ibeen better spared for the definite series. 

But vrhUe the terms selected by the Congress are not beyond criti- 
■dwa, the benefits to t>e derived from an agreement in an orderly 
system are so great that I for one shall naheBitatinfly adopt Lhem 
:as they stand, — provided, of course, that the Congress makes no 
efibrt to improve its selection. A small reform of this natare yields 
its profit to this as well as Aiture generations, and I hold it a duty 
to favor even those reforms which involve so much effort and pains 
tiiat their blessings cannot be realized by those who initiate them. 
Such are the exchange of our English spelling for a rational sys- 
tem, and the exchange of decimal notation in arithmetic for a 
binary notation. My application of the new nomenclature Itcgins 
with this address, in the preparation of which I have experienced its 
utility. That yoa may have no difficulty in interpreting my re- 
formed language, I have placed the tazonomio legend on the wall, 
with the addition of the complementary indefinite terms, terrane 
and time. 



£ Group. 


Era. 


1 System. 


Period. S 


t Series. 


Epoch. J 


BSUge. 


Age. 



There are propositions before the Congress to distinguish the 
names of individual groups, systems, series and stages by means 
of terminations, those of the same rank having the same termina- 
tion. Thus it Is proposed by a committee that every name of a 
group shall end in ary, — Tertiary, Primary, Archeary; it is pro- 
posed that names of systems end in ic, — Cretacic, Carbonic, Siln- 
ric ; It is proposed that names of series end in tan, — Eifelian, 
Laramian, Trentonian ; and It is pioposed that stage names termi- 
nate with in. Another committee suggests that tc be used for 
stages instead of aystems. The adoption of snch a plan would en- 
able a writer or speaker to indicate the taxonooiic rank of a ter- 
rane without adding a word for that purpose. If he regarded a 
certain terrane taking its name from Cambria as a system, he would 
call it the Cambric ; if he esteemed it only a series, he wonid say 
Cambrian ; and there would be no need of adding the word system, 
or series in order to express his fkill meaning. Conversely the 
reader or bearer would always learn its taxonomic rank, or supposed 
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rank, wheoever a terrane waa mentioned. These I conceive to be 
the advantages derivable from the change, but the; would not be 
the only effects. It would become impossible for a geologist to 
name or allude to a terrane without declaring its rank, and the con* 
sequences of this would be evil in many ways. In the first place 
one could not discnas terranes from any point of view without ex- 
pressing an opinion as to tbeir taxonomy, and the change would thus 
contravene one of the most Important rights of opinion — namely, 
the right to reserve opinion. Again, geologists who differed as to 
the rank of a terrane would necessarily terminate its title diS%r> 
ently, and a needless synonymy would thus be introduced. In the 
third place the created necessity for taxonomic discrimination on 
all occasions woald tend to direct undue attention to taxonomio 
problems. Taxonomy would be conceived by many geologists as 
an end instead of a means, just as correlation has been conceived, 
and energy would be wasted in taxonomic refinement and taxon* 
omic controversy. It is convenientforpurpoBesof desci-iption and 
comparison to claaaify the strata that constitute a local columnar 
section in phalanges of various magnitude or rank, but the criteria 
on which we depend for discrimination are in the nature of things 
variable and offer ground for endless difference of opinion ; and it 
would be extremely unfortnnate to have such differances perpetually 
brought to the foreground. 

Another subject considered by the Congress is the nomencla- 
tare of paleontology. A committee appointed for the purpose 
formnlated rules for the establishment of the names of genera and 
species, and their report was adopted by the Congress. I have no 
opinion to express as to the wisdom of the rules, but it is a matter 
of surprise that a body of geologists assumed to speak with au- 
thority on the subject. From one point of view paleontology is 
a part of geology ; from another ptoint of view it is a part of bi- 
ology. In BO far as it names genera and species it is purely biologic, 
and it would seem proper that the students of fossils unite with the 
students of living animals and living plants in the adoption of rules 
of nomenclature. 

A similar remark applies to the nomenclature of mineralogy, in 
regard to wiiich no action has yet been taken. The most intimate 
relations of systematic mineralogy are with chemistry. 

Yet another projected work of the Congress is the classiflcation 
of eruptive rocks. Up to the present time action has been deferred, 
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and it may reasonably be hoped that no scheme of clasaiBcation 
will be adopted. If there existed ft system of classiflcation which 
gave general satisfaction and bad stood the test of time, there 
would be little barm (and little or no advantage) in giving it tbe 
official stamp of approval. If the main features of a classific^on 
were well established and the residnary discrepancies were recog- 
nized as unessential, it is conceivable that some benefit might be 
derived from the submission of the matter to an assembly of spe- 
cialists. Bat the actoal case is far different. Not only is there 
wide difference an to the claesiflcation of volcanic rocks, but there 
is no agreement as to the fundamental principles on which their 
classification eboold be based, for we still lack an accepted tbeor; 
of volcanism. At the same time observation is being poshed with 
great vigor, and with the aid of new and important methods. With 
tbe rapid growth of knowledge and ideas classifications are oonUn- 
ually remodelled, and the best is in danger of becoming obsolete 
before it has been printed and circulated. Should the Congresa 
enter the lists, one of two things would occur. Either its classifi- 
cation would be treated like that of an individual and ignored as 
soon as a better one was proposed, or it would be regarded as 
more authoritative, and new facts would for a time be warped Into 
adjustment with it. In either case the reputation of the Congress 
wonld eventaally suffer, and in one case science would suffer also. 
There remain to consider the two most important undertakings 
of the Congress, the closaiflcation of terranes and tbe unifica- 
tion of map colors. The Congress is attacking these subjects in- 
directly by means of a third undertaking, the preparation of a 
geologic map of Europe, and this method of approach has had the 
effect of making it difficult properly to interpret its action. There 
can be no doubt that those who originally organized the work con- 
templated the enactment of a stratigrapbic classification to be ap- 
plied to the entire earth and the selection of a color scheme for 
use either in all geologic maps or in all general geologic maps. 
But at the Berlin session the committee in chai^ of work on the 
map of Europe pressed the Congress for the determination of ques- 
tions on which hung the completion of the map, and many hasty 
decisions were reached, while not a few disputed points were re- 
ferred to the map committee. The debates indicate that much or 
all of this work was provisional or of merely local application, but 
the resolutions adopted show little qualification. It should be added 
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that the offloial minutes of the meeting are still anpublislied. In 
view of the ancertninty thus occasioned I shall not attempt to 
cbaract«rize the attitude of the Congress on the subject of classi- 
fication, but shall merely develop my individual view. 

It is the opinion of many who have discussed the general classi- 
fication of teiTanes by convention of geologists that the smallest 
unit of such classification should be the stratigraphic system. What 
is a stratigraphic system? The Congress implies a definition in 
saying that a system includes more than a series and less than a 
group, and that the Jurassic is a system ; but this gives only a 
meagre conception and we need a full one. As the problem of 
classification demands a true conception of a system, and as there 
is reason to believe that a false conception is abroad, it la proper 
that in seeking the true one we begin with the elements. 

The surface of the land is constantly degraded by erosion, and 
the material removed is spread on the floor of the ocean, forming 
a deposit. This process has gone on fVom the dawn of geologic 
hiabOTy, but the positions and Imnndaries of land and ocean have 
not remained the same. Crust movements have caused the sub- 
mergence of land, and the emergence of ocean bottom, and these 
movements have been local and irregular, districts bere and there 
going up while other districts went down. The emergence of ocean 
bottom exposes the deposit previously made on it and subjects it 
to erosion. In this way every part of the known surface of the 
globe has been Idie scene of successive deposition and erosion, and 
in many districts the alternations of process have been numerous. 
It is maoifeatly impossible that either erosion or deposition should 
have ever prevailed universally, and it has been established by the 
study of stratigraphic breaks that a time of erosion baa often in- 
terrupted deposition in one region while deposiUon was uninter- 
mpted in another. 

In transportation ftom its region of erosion to its place of dep- 
osition detritus is assorted, and it results that the simultaneous 
deposits on the bottom of an ocean are not everywhere the same. 
Equal diversity is shown in the ancient deposits constituting geo- 
logic formations. It is a general fact that synchronous formations 
have not everywhere the same constitution. 

Many of the vai-iations in deposits are correlated with depth of 
water and distance from shore, and it results that elevation and 
subsidence in regions of continuous deposition produce changes In 
Uie nature of the local deposit. 
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The animals and plants of the earth are not uniTeraall; dis- 
tributed, but are grouped in provinces. In the geologic past simi- 
lar provinces existed, but their boundaries were different, shifting 
in harmony with the varying geography of the surface. From 
time to Lime the barriers separating contiguous provinces have been 
abolished, aufTeriug them to co&lesce ; and conversely new barrien 
have arisen, creating new provinces. From the earliest paleozoic 
to the present time the species of animals and plants have been 
progressively modified, the nature of the modification depending 
on local conditions. The faunas and floras of different provinces 
thus become different, and the longer the provinces remain dis- 
tinct, the greater is the divergence of life. The removal of a bar- 
rier eiliier produces a new fauna by the fusion of the two previously 
separated, or else obliterates one and extends the area of the other. 
In either case there is a change toward the unification of life, and 
in eitlier case there is an abrupt change in a local fauna. Thus the 
secular evolution of species, combined with the secular and kalei- 
doscopic revolution of land areas, leads to two antagonistic ten- 
dencies, one toward diversity of life on different pai-ts of the globe, 
the other toward its unirormity. The tendency toward uniformity 
affords the basis for the correlation of terranes by comparison 
of fossils ; the tendency toward diversity limits the possibilities of 
correlation. 

If now we direct attention to some limited area and study ita 
geology, we find that under the operation of these general proc- 
esses It has acquired a stratigrapliic constitution of a complex 
nature. Its snccessive tenanes are varied In texture. Breaks is 
the continuity of deposition are marked by unconformities. The 
fossils at different horizons are different, and when they are exam* 
ined in order fVom the lowest to the highest, the rate of change is 
found to vary, being in places nearly imperceptible and elsewhere 
abrupt. It is by means of such features as these — that is, by 
lithologic changes, by unconformities, and by life changes — that 
the stratigraphic column is classiBed Into groups, systems, series 
and stages. A system is a great terrane separated fh)m terranes 
above and below by great unconformities, or great life breaks, or 
both. Smaller unconformities, smaller life changes, and lithologic 
changes are used for the demarcation of series and stages ; and on the 
other hand, exceptionally great unconformities and life breaks are 
used to delimit groups. As the same criteria determine groups, 
systems and series, differing only in degree, the precise definition of 
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l^be term system is impossible, and io many cases the gradation of a 
tierrane as a gronp, a system or a series is largely a matter of con- 
venience. From tbis point of view a system is somewbat arliflciai, 
but tbere is a more important sense in which it is natural. It is 
limited by stratigraphio or paleontologic breaiis above and tielow, 
and these brealis are natural. The tazonomist is not warranted in 
dividing systems where no such break exists. 

Tranefening now onr attention to some other area, distant from 
the Srst, and studying its stratigraphy, we find that the same prin- 
ciples enable us to divide it independently into stages, series, sys- 
tems and groups. Its fossils are not the same, but they are to a 
certain extent similar, and the sequence of life is approximately 
parallel. We cannot compare stage with stage, nor series with 
aeries perhaps, but we can compare system with system, and malc- 
in^ the comparison we discover that the breaks are at different 
places. While oue area was npraised and subjected for a time to 
erosion, the other received continuous deposition. While life In 
one area, enjoying constant conditions, was almost unchanged for 
long ages and even epochs, it was revolutionized in ttie other by 
tbe irruption across some obsolescent barrier of strong and aggres- 
sive faunas and floras. The systems of one area, therefore, do not 
coincide with the systems of the other in their beginning and end- 
ing. They may differ in number, aud they maj' di£fer greatly in 
magnitude and in the duration tliey represent. They are In fact a 
different set of systems. 

The case I have desciibed is ideal but not false. It represents 
the common experience of those who have developed the geologic 
histories of remote districts and attempted to correlate them with 
the geolc^ic history of Europe. There does not exist a world-wide 
system nor a world-wide group, but every system and every group 
is local. The classification developed in one place is perfectly ap- 
plicable only there. At a short distance away some of its beds 
disappear and others are introduced ; farther on its stages cannot 
be rect^ized ; then its series fail and finally its systems and its 
groups. 

If I have pr<^rly characterized stratigraphic systems — if they 
are both natural and local — it goes without saying that the clas- 
sification of the strata of all countries in a dozen or so systems, as 
proposed by some of the members of the Congress, is impossible. 
1 hasten to add that from the point of view of these gentlemen 
what they advocate is not necessarily impossible, for they have a 
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different conception of & syBtem. The; regard It not as local bat 
aa universal. It is their privilege to define tlieir terms as the; 
please, and we vill not dispute about mere words, liut I cannot too 
strongly or too earnestly insist that a system which is aniversal is 
artificial. It may be natural in one geologic province, but it is 
artificial in all others. Take for example the Jurassic. It is a 
natural system in Europe. In the eastern United States no strata 
are called Jurassic with confidence, and at the west the rocks called 
Jurassic merge with those called Triaasic. In India, Medlicott 
tells ns, a Jurassic fauna occurs at the summit of a great natural 
system containing a Permian fauna near its base. In New Zea- 
land, according to Hutton, a continuous rock system, dissevered 
by great unconformities from other systems, bears at top fosuls 
resembling those of the loner Jurassic and lower down fossils of 
Triassic facies. To establish a Jurassic system in either of these 
countries it is necessary to divide a natural system, and a Jurssdo 
system thus establlshetl would be necessarily artificial. 

This is the sort of classification implied by the assumption that 
systems are world-wide. It is not impossible, but it is highly unad- 
visable. It is classification for the sake of uniformity, and its uni- 
formity is Procrustean. The natural systems of a r^ioD are the 
logical chapters of its geologic history. If you group its strata 
artificially according to the^atural divisions of another r^on, you 
mask and falsiO^ its history. The geologic history of the earth 
has as great local diversity as its human history. Aa tn human 
history there are interrelations and harmonies and a uuiversal prep- 
ress, but these are perceptible only in the general view ; and the stu- 
dent whose preconceptions lead him to ezi^gerate the harmonies 
and ignore the discrepancies perverts the meaning of every page. 

I prefer therefore my own definition of system, making it natural 
and consequently local, and I earnestly oppose any attempt to co- 
erce the geology of one country in a rigid matnx formed over and 
shaped by the geology of another country. 

The ideas I oppose have arisen in connection with the work of 
correlation. Some geologists appear to regard correlation as the 
determination in distant localities of identities; the more philo- 
sophic regard it as the determination of tlie actual relations, whether 
they be of identity or difiference. With the former the baais of 
correlation is the universality of geologic systems ; with the latter 
it may be said to be the universality of geologic time. 

Now in the comparative study of local geologic histories, just as 
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in the comparative study of local httmnn histories, it is a matter of 
convenience to liave a common scale of time. It ia not essential, but 
it is higlily convenient. In human history vre use an astronomic 
scale of equnl parts, designating each unitliy a number. In geol- 
ogy no scale of equal parts is available, and we employ the eras 
and periods, and to some extent the epochs, of tbe local geologic 
history first deciphered — that of Europe. These time divisions 
bear the same names as the gi'oups, systems and series of strata 
whose deposition occurred within them. 

So far as the science of geology is concerned the selection of Eu- 
rope as its first field of study was a matter of cbnnce, and the adop- 
tion of the European time scale as a general standard may therefore 
be said to have been accidental. Though the local rock scheme 
on which it is baaed is natural, the time scale, considered as uni- 
versal, is arbitrary. Another locality would have afforded a dif- 
ferent scale, bnt its authority would neitJier be greater nor less. 
The scale being recognized as arbitrary, and a mere matter of con- 
venience, it is legitimate to modify and fix it by formal convention, 
The Congress can do good service to geologic technology by put- 
ting it in the best possible shape and giving it an official status. 
In my judgment only a small number of divisions should be ad- 
mitted, not more than the number of periods of the European 
scheme. In a general way the durations represented by the coSr- 
dinate divisions should be as nearly equal as practicable, but a 
certain concession might be made to chronologic perspective on 
account of our superior opportunities for studying the later history. 
Some of the shorter periods might perhaps be united under new 
names. Each line of division between periods should be defined 
hy means of a stratigraphic plane of division, and this can be done 
with precision if a locality is made part of the definition. 

Especially should pains be taken to declare the arbitrary nature 
of the scale. Even with this precaution it will be misconstrued 
by many, for there is a tendency of the mind to attach undue 
weight to classification. Wherever we draw lines of separation 
we lose to a certain extent the power to recognize continuity. 
When, for example, the clock strikes twelve on New Year's Eve 
time seems to stop and begin again. We speak of the achieve- 
ments of the nineteenth century — and despite ourselves we think 
of them, too — as though a new industrial epoch began in A. D. 
A. *. 1. 8. VOL. xxxvi 18 
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1800. And so it is ensy for the beginner in geology to accept u 
discontinaous the eras and periods of which his text-book treatt, 
and it is bard for him atlerward to unlearn the lesson. 

There is reason to believe th&t conrusion of ideas Id regard to 
geologic clasBiQcation has been fost«red by the employment of the 
earoe set of names for the divisions of the time scale and for tbe 
local terranes on which they are founded. It might be well U> 
fUrnish the time scale with names suggesting time — such namet 
as the brothers Rogers applied to the teiTaaes of Pennsylvania — 
bat so radical a change is hardly feasible, especially ae we shoulrl 
thus lose the mnemonic connection of times with corresponding 
terranes. I propose as a means of accomplishing the end with the 
least inconvenience, that a set of time words be derived ^m the 
terrane names by modifying the final syllables. The time words 
should all have the same termination, and that should differ from 
any terminations occurring in the terrane names. I suggest for 
the ending of time words the syllable cU. With audi a nomencla- 
ture Jurassic and Devonian would denote only certain European 
rock systems, while Jural and Devonal would denote periods of 
the standard time scale ; and wc could speak of the Chico-Tejon 
series as partly Eocenal and partly Cretaceal without seeming to 
impVy the existence in California of the Eocene and Cretacenua 
systems of Europe. 

A few minutes ago I opposed the differentiation of words by 
terminations because it abrogated the power of indefinite expres- 
sion ; I now favor it for the same reason. It is well to be indefi- 
nite as to the taxonomic rank of terranes while their characters are 
imperfectly known, but it is not well to confuse terranes wilfa 
times. 

It is not to be assumed that a time scale adopted now as the 
best possible will continue indefinitely to be the best possible ; the 
day will inevitably come when it can be improved. In the fuller 
light of the future we may recognize as very unequal periods that 
we now deem equivalent, and the possibilities of defining pre-Cam- 
brial periods are unlimited. Even now there are announced be- 
neath the lowest fossil-bearing ten-anes of the Lake Superior regioD 
two systems of clastic rocks limited aliove and below by great 
unconformities, and Irving demands their recognition as a group, 
distinct from the Archean. If hia voice is beard, the time scale 
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will inclode an era between the Paleozoal and the Arclieal, and 
this era will supply the needs or the systemaUst until great addi- 
tions have been made to our present knowledge of the older rocks. 

My only remaining snbjefit is the representation of terranes on 
maps by means of colors. At present no two organizations and 
scarcely two individuals nse colors in the same way, and it is prob- 
ably trne that erery organization and individual publishing many 
geol(^c maps has at different times employed the same color for 
different terranes and different colors for the same terrane. It 
reeults that the map user can gain no information fiom the distri- 
bution of colors until he has studied the legend ; before be can 
read a new atlas he must learn a new alphabet. The advantage 
to be gained by snbstitnting a universal language for this confu- 
sion of tongues is manifest and great, and has justifleil the ajipU- 
cation of much time and attention by the Congress and its com- 
mittees. By a series of resolutions a partial scheme has been 
selected, one color at a time, and the completion of the plan has 
been left to the committee on the map of £urope. That committee 
bas prepared a color legend which is accessible to American geol- 
ogists in the volume of information published by the American 
committee. It ts understood in a general way that the Congress 
reserves final action, and the published legend not only belongs 
speciflcally to the map of Europe, but is provisional; still, as 
this map, if generally approved, will unquestionably be declared 
by the Congress an authoritative pattern for the guidance of map 
makers, the plan should be freely criticised at its present stage. 
The selection of uniform colora is a far more delicate and impor- 
tant matter than the arrangement of taxonomic terms ; for while 
ill-chosen words may quickly fit themselves to new uses, the adop- 
tion of an ill-arranged color scheme must entail continual loss. 

In my Judgment the scheme provisionally chosen is defective in 
several particulars, to which I shall presently call attention, but it 
ia necessary to introduce the discussion by a statement of the con- 
ditions to be satisfied by a standard color scheme and a statement 
of the practical means available. The following are the principal 
conditions, arranged in an order embodying my estimate of their 
relative importance : 

(1) The map must be olearly and easily legible. Each color 
most be so distinct from each other color that it can be identified, 
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whatever its Burronndings ; and all other conventTons most be read 
ily dUcriminated. 

(2) The cartographic scheme must be adjustable to the geo- 
logic facts ; it mast not require that the facts be adjusted to it. 

(8) The same scheme should serve both for general naps, as, 
for example, those representing only systems, and for detail maps, 
representing numerous smaller divisions. 

(4) Undue expense should be avoided. The amoant and 
consequent utility of color cartography is lai^ely limited by its 
cost. 

(5) It should be easily fixed and retained in the mind. This 
is best accomplished by making it orderly. 

(6) Other considerations permitting, the map should please 
the eye. Since the arrangement of color areas cannot be foretold, 
this can only be accomplished by admitting a certain range of 
choice. If allowed sufficient latitude in the selection of tones, »a 
expert colorist can ameliorate an offensive combination of hues. 

(7) Other considerations permitting, the establishment of a 
universal system should involve the least possible inconvenience. 
But as the inconvenience of change is temporary, while the incon- 
venience of a bad system ia lasting, this consideration shootd yield 
to every other. 

The art of mapping geologic terranes by means of color is welt 
developed, and its methods, viewed from the geolc^ist's standpoint, 
admit of easy characterization. Color may be varied in two dis- 
tinct ways — in hue and in tone. Hues differ in quality, as yel- 
lowish green and bluish green. Tones difTer in strength, as pale 
green and dark green. A color is printed either solid or broken ; 
it is said to be broken when applied in a pattern, as in lines or 
dots, or when it is interrupted by a pattern. The difference 
between solid and broken colors ia a difference of texture. The 
primary discriminations in mapping are through hue, tone and 
teiture. 

The map engraver produces texture in three ways. In the first 
way a single impression is made with a broken color. The white 
of the paper, displayed where the color is intemipted, combines 
with the color in the general effect, producing a paler tone of the 
same hue. In the second way two impressions are made, one 
with solid color the other with broken, and the two impressions 
have the same hne ; they may or may not differ in tone. This is 
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monochromatic OverpHntiag, and its general effect agrees in hue 
vrith the single impression, but differs in tone, being darker. In 
1;he third way two impressiona are made, one solid, one broken, 
and their coloi-a differ in |me. This is bichromatic overprinting 
and its general effect differs in hoe as well as tone from each of the 
colors combined in it. The first and second ways produce texture 
monochromatically and do not yield a new hue ; the third way pro- 
duces texture bichromatically and yields a new hne. It is practi- 
cally impossible to obtain a texture effect without nHxHrying the 
original tone. 

The natural gradation from hue to hue is absolutely continuous 
and the number of hues is infinite ; the number of tones of each hue 
is likewise infinite. The number of hues and tones the eye can 
cliscriminate is finite, but very great; il is stated that one thous- 
and hues have been distinguished in the solar spectrum. But the 
number of hues and tones that can be combined in a map is small. 
As a matter of perception, every color is modifled by the colors 
adjacent to it. The same hue affords different sensations when 
differently surrounded, and different hues may afford the same sen- 
BatioD. The same is true of tones ; and there is a certain inter- 
dependence of hnes and tones in this respect. In a geologic map 
each color is liable to fall into various combinations, and two 
colors little differentiated occasion confusion. There is, therefore, 
a somewhat narrow limit to the employment of hues and tones. 
The matter has not been fully worked out, but it is probable that 
twenty is as large a number of hues as can be safely employed in 
connectioii with tones. Texture admits of very great variation. 
Tbe various color schemes submitted to the Congress and printed in 
the report of the Bologna meeting afford, with their manifest per- 
mutations, about two hundred distinct textures, and I am satiafied 
from a study of these and others that as many as one hundred can 
be chosen that are not subject to confusion. It follows that a map 
or atlaa expressing few distinctions need use only hues, or only 
hues and tones, but where numerous distioctions are to be made, 
recourse must be had to textures. 

The printing of a large number of textures of the same hue pro- 
duces a greater number of tones than can be discriminated, and its 
effect is to confuse and nullify any distinctions (within the range of 
that hue) based purely on t«ne. The printing of a large number 
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of bichromatio textnreB c&nses tbe same reantt, ftnd it also pio- 
duces a greater number of bnea than can be discriminated ; ite ef- 
fect is to confuse and Dulliiy distinctions baaed purely on tone, or 
on hue, or on tone and hue together. 

In the color scheme prepared for the map of Europe thirtj-eiglit 
distinctions are made. There are twenty-four hues, and the re- 
maining fourteen distinctions are accomplished by variations of 
tone. While it may be possible to select twenty-four hues available 
for indiscriminate combination, there can be no question that those 
provisionally printed by the committee will fail to maintain their 
distinctness when variously combined upon a map. Under the 
influence of such chromatic environments as are sure to be encoun- 
tered, the four yellow hues of the Tertiary cannot be discrimi- 
nated, and tbe same difficulty will arise with the two hues of grey 
assigned to tbe Carboniferous, and with tbe hues of grey and 
brown assigned respectively to the Permian and the Devonian. 
Some of the tones likewise are not sufficiently distinguished. Two 
of the blues of the Jurassic, two of tbe browns of the Devonian, 
two of tbe rose tones of the Archean, and the two violets of the 
Trias are open to this criticism, A certain amount of adjustment 
can be made in the flnal selection of inks, and probably all the de- 
fects from tone can be thus remedied, but the confusion of hues ia 
more diiBcult to eliminate, for the great number of the hues inter- 
feres with the separation of those that are too approximate. 
To strengthen one contrast is to weaken another. 

In order to judge of the availability of the scheme for tiis pro- 
duction of detail maps, it is necessary to consider the resolutions 
of the Congress as well as the printed legend. A ^solution pro- 
vides that the subdivisions of a system shall be represented by 
shades of the color adopted for the system, or by broken color or 
other texture devices, and it is further provided that tbe shades, 
whether produced by solid color or by texture, shall be so arranged 
that the darkest or strongest represent the lower divisions of the 
system. Tbe resolution is in French, and tbe word I have trans- 
lated shade {nuance) is one which applies popularly to either hue 
or tone, while in the scienti Qc terminology of chromatics it applies 
to hue only. The committee on the map has taken it in its popu- 
lar sense, and has represented some subdivisions by hues, and 
others by tones ; for example, Pliocene and Miocene are assigned 
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two tODea of the same hue, while Oligocene and Eocene have each 
a separate hue. The upper Cretaceoue and part of the lower Cre- 
taceous are aasigned a green hue in two tones, white the Gault and 
the Wealden, classed as subdivisions of the lower Cretaceous, have 
iadependent hues of green. Of the six reds assigned to volcanic 
rocks, two agree in hue and differ in ton^, while the remainder 
have distinct hues. As the legend stands, both major and minor 
dietinctions, that is to say, the discrimination of gronps, the diS' 
crimination of systems, and the discrimination of divisions smaller 
than systems, are all accomplished by differences of hue, while the 
discrimination of minor divisions is aocomplisiied indifferently by 
variation of hue and by variation of tone, llie same means per- 
forms several functions and the same function is performed by sev- 
eral means. 

It is stating the same thing (i-om another point of view to say 
that the Congress and its committees have nsed the term color in 
its popular rather than its scientific sense. Scientifically, a color 
is a particular tone of a particular hue, and the number of colors 
is inSnite. Popularly, a color is an assemblage of contiguous hues 
and their tones, to which a name has been given. Each bne and 
tone within the range covered by the name is a shade of the color. 
It is in this popular sense that the resolutions assign a color to 
each system, and assign shades of the system-color to the subdivi- 
sions of the system. 

Now if in the variation of a system color, by textures or other- 
wise, a single hue is adhered to, the system-color remains distinct 
from other system-colors throughout all its modifications and their 
modlBcations, but if hues as well as tones are varied, the inevitable 
result is confusion, for some of the hues of one system-color will 
approach too near to hues of other system-colors. With a. multi- 
plicity of minor distinctions the main distinction of system from 
system will be lost. 

Another difficulty lies in the fact that the Quaternary and De- 
vonian colors, while strongly contrasted in tone, are nearly iden- 
tical in hoe. This does not affect their use in a general map, but 
in a detail map the stronger tones of the Quaternary grey will ap- 
proach too closely the paler tones of the Devonian brown. 

These criticisms apply to those features of the scheme which af- 
fect its adoption for general and detail maps of Kuropean countries. 
There is one of equal or greater importance affecting its application 
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in other continents. It is adjusted to the rock systems of Europe 
exclusively, and tnalies no provision whatever for the systems ot 
other parts of the earth. The geologists of Wisconsin, for esam- 
pie, cannot use it without calling the Keweenawan either Cambrian 
or Archcan. If they were in doubt which division should hold it, 
but inclined a little one way or the other, they could express their 
quali6ed opinion in the notation provided by the map committee; 
but having attained an unqualified opinion that the tercane belongs 
to neither of these two categories, they find no means for express- 
ing their conclusions. The scheme cannot be applied to the 
geol<^ of India, of New Zealand, or of Australia, without misrep- 
resentation. It is not universal but local, and this l)ecause it is 
founded on the fallacy of a world-wide unity of geologic systems. 

So far as ttio geology of the world is concerned, it would be 
better to adopt no convention at all as regards map colors, than to 
adopt one cariying with it and promulgating a vicious classifica- 
tion. Uniformity is not worth purchasing at the price of falsifi- 
cation. If the members of the Congress cannot agree u])on a plan 
having the flexibility demanded by the geologic facts, it will be 
best to limit its action to the local problems involved in the map 
of Europe. I believe, however, that the necessary flexibility is 
attainable, and before proceeding to further criticism of the com* 
mittee scheme I will give the outlines of a plan which appears to 
me to combine the advantage of flexibility vrith a number of other 
desirable qualities. 

The plan is founded on the universality of geolt^ic time and the 
diversity of local geologic histones as expressed in rock systems. 
Geologic periods are arranged in linear order. Each one adjoins 
the next and together they constitute continuous geologic time, 
which we may conceive as represented by a straight line. The 
stratigraphic systems of a country have likewise an order of suc- 
cession, and their arrangement is linear. They arc not always 
continuous one with another, but the history recorded by the sys- 
tems and the breaks between them is continuous and may be rep- 
resented by a straight line, equal and paialiel to that of geologic 
time. Aud so for each country. A color scale which shall represent 
each and all of these parallel lines must be itself linear and con- 
tinuous, and, fortunately, we have such a scale furnished us in the 
prismatic spectrum. 

I propose, fli-st, tliat the continuous prismatic spectrum be 
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adopted BS the Btandard universal scale Tor continuous geologic 
time. I propose, second, that the cooventional time scale, based 
on th« geologic history of Europe, be complemented by a color 
scale, prismatic but discontinnouB. I would assign to each period, 
not a certain portion or area oT the spectrum, but a specific color 
(leflned by its position in the spectrum. Tbis color scale will also 
apply to the geology of Europe. I propose, third, that the stu- 
dents of each geologic district shall assign to the stratigrapUio 
systems of that district a set of prismatic colors so selected from 
the spectrum as to properly represent the relation of each system 
to the time scale, provided that relation is approximately kuovrn. 
Under this rule a system corresponding partly with the Cretaceous 
and partly with the Jurassic will receive a prismatic color inter- 
mediate between those assigned to the Cretaceal and Jural divisions 
of the time scale. I propose, fourth, that systems whose relations 
to the standard time scale are not even approximately known be 
given tentative positions in the time scale and assigned the corre- 
sponding colors ; and that such provisional colors he distinguished 
by a special device. 

Of tbis device I will speak later, but before we leave tins part 
of the subject, the capability of the plan to express the facts should 
be more clearly characterized. Continuous geologic time being 
equated with the continuous spectral band of light, each period is 
theoretically equated with a segment; of that band including all the 
hoes between certain limits. But, practically, the period is rep- 
resented in the color scale only by the central hue of the segment, 
and there is nothing in the nature of this hue to indicate the length 
of the segment. Similarly each local system is represented only 
by the hue corresponding to the middle of tlie equivalent period, 
considered as a part of the continuous time-scale, and this hue 
gives no information as to the magnitude of the system or the du- 
ration of the corresponding period. When a non-European system 
is repfesented on a map with the Devonal color, all that is ex- 
pressed is that the middle of its period coincides with the middle 
of the Devonal period ; the whole period may equal the Devonal 
or may be shorter or may be longer. With this limitation the 
scheme is able to express the exact facts, or the exact state of 
opinion, in regard to correlation. 

1 propose, fifth, that the subdivisions of systems be represented, 
if their number is small, by distinct tones of the hue assigned to 
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the system, anil if their uumbei- is gi'«at, by monocbromatio text- 
ures. It liaving beeo provided that syeteiUB shall be distinguished 
by means of hues, it is now provided that hues shall have no other 
Ainction. This secures the integrity of the distinction between 
systems, whatever the minuteness of subdivision. 

The idea of using the spectral coloi-s in their proper order ie not 
novel. It has entered into half the plans submitted to the Con- 
gress, but each author has introduced other colors also, or else has 
nndertahen to use the spectrum colors more than once, under the 
impression that they do not afford the necessai'y range or variety. 
This impression is based largely upon the popular meaning of the 
word color. It is indeed true that if we limit ourselves to those 
parts of the spectral series which have nnivocal names, we have 
only six or seven distinctions ; and it is further true that if we have 
recourse to binominal designations, such as yellowish green and 
greenish yellow, we obtain rather indefinite conceptions ; but to 
men of science there are better resources than those afforded by 
the language of every day life. The spectrum has been elaborately 
studied, and the relations of its dark lines to its colors have been 
determined. Its wave lengths have, moreover, been measured, and 
by such means as these we are furnished with three different scales, 
any one of which is adequate to the precise definition of any hue 
of the continuons series. What needs to be done is this. When 
the divisions of the time scale have been decided on, the spectram 
must be studied to ascertain the best selection of hues. TUeir 
number must, of course, be that of the number of divisions of the 
time scale, and they must be so chosen that the degree of sepa- 
rateness of adjacent colors sball be everywhere the same, as judged 
by the normal human eye. Then define each hue by its wave lengtii, 
or its position in the Kirohhoff scale, and define it also in terms of 
the best combination of pigments with which it can be approxi- 
mately reproduced for practical use. It is of course impossible to 
copy the prismatic colors with accuracy, because tiie colors of pig- 
ments are impure, but this difficulty will not seriously interfere 
with the employment of the prismatic colors as a standard. 

The practical question whether the spectrum will give a suffi- 
cient number of hues so far separated from each other as t« he 
distinguishable in all the arrangements occurring on maps has re- 
ceived such consideration as I have been able to give it, and it U 
my judgment that the maximum number of hues that con safely be 
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used Talis somewhere between fifteeD and twenty. There will cer- 
tainty be no difficulty in thus constructing a standard color scale 
witli aboat a dozen terms. 

The employment of the spectral colors in this manner teaves 
tbree groups of colors unassigned ; the purples, the browns and the 
greys. If the spectral colors be arranged on the circnmference of 
a cii'cle so that each diameter of the circle connects hues that are 
complementaty, it is found that thej occupy the greater part, but 
uot quite all, of the circnmference, and the color needed to fill tbe 
vacant arc is purple. The bnes of purple might then, if deemed 
necessary, bo added to one end or tbe other of the spectrum, thns 
increasing the range fVom which to select colore for tbe time scale. 
My sixth proposition is to assign the browns to volcanic rocks. 
I would leave the greys nnassigned. 

It will be observed that no intimation bas been given as to 
wbethcr the violet end of the spectram should apply to the newest 
system of strata or the oldest. It must of course be definitely 
assigned to one or the other, bat the particular assignment is a 
matter of indifference. 

The main features of the proposed prismatic scheme have now 
been set forth and you are fairly entitled to exemption fVom the 
minor featui-es, but there is one detail that can hardly be omitted. 
In one of the main propositions it was provided that some special 
device should distinguish colore assigned to uncorrelated systems, 
and I feel it incumbent to show ttiat a suitable device can be 
found. Of a number that have occurred to me as abont equally 
available, I will mention but a single one — the .overprinting, la 
small dots, widely separated, of tbe complementary color. The 
complementai-y color is selected because it does not disturb the re- 
lation of the system-color to tlie colors of adjacent systems. Bi- 
cliromatiu overprinting produces a hue intermediate between the 
two hues combined, but the hue midway between a system-color 
and its complementary color is white or grey, and if only a small 
amount of the complementary color is added, the system-color be- 
comes merely paler or duller, when viewed fh>m such a distance 
that the colors blend. 

The prismatic color scheme having been constructed for the ex- 
press purpose of securing a degree of flexibility that will fit it for 
universal use need not be further compared in that regard with the 
scheme published by the Eun^aa map committee. Enough haa 
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also been said to shovr that its superior perspicuity is claimed both 
for general anil for detail maps. A few words will safflco to com- 
pare the two systems in other respects. 

As regards the expense incurred in the production of general 
maps, neither scheme has notable advanti^e, and they are not yel 
BtifBciently developed to permit a comparison as regards the cost 
of detail maps. Their capability for the production of ple&sant 
color effects can be best judged when maps have been actually 
made, but It may be said in a general way that the committee's 
scheme will afTord more strong contrasts between adjacent color 
areas than the prismatic. The maps colored by the former will be 
relatiTely lively, those colored by the latter relatively quiet. It is 
provided by the committee that the volcanic colors shall be not 
merely red but strong. On a general map volcanic areas cover 
comparatively small spaces, and strong reds thus dis]wsed will or- 
dinarily add brilliancy ; but tlie detail map of a volcanic district, 
thiia colored, will be disquietingly suggestive of active eruption. 

The alphabet of colors for the prismatic scale will be the more 
easily learned of the two, because it is orderly, and because its 
order ia already familiar in the spectrum. The committee's echeme, 
however, has some old-fashioned mnemonic features which the 
prismatic lacks. The green of the Ci-etaceous is connected with 
greensand, the red of volcanic roclis witli Ore, and the rose of the 
Arcliean with feldspar ; and the grey of tbe Carboniferoua mildly 
eaggests the blackness of coal. 

In respect to facility of introduction the committee's scheme, 
being essentially a compromise of existing color scales, has the 
advantage that to moat users it ia not entirely novel. The pris- 
matic sclierae on the other band Ims the advantage of being or- 
derly. It sclentiBcally differentiates the functions of hues and 
tones, and though each one of its colors may be different from 
what the individual geologist has previously employed for the in- 
dication of the same system, the order of the colors is already 
familiar to him in another way. 

This closes my review of the varions works undertaken by the 
Congress. Some of these have been favored, others opposed, and 
reasons have been given. But there is a general consideration or 
criterion applicable to all which has nearly escaped mention, at- 
though it is of preeminent importance. When a matter is pro. 
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posed for reguUtion by Uie Congresa, the first question ffhich ebould 
be asked is whether it falls within tbe legitimate purview of a con* 
ventioQ of geologists. It manifestly does not, if it t>elongs to some 
otber science rather than to geology, and objection has on this 
ground been made against the regulation by our geologic Congress 
of the nomenclatures of paleontology and mineralogy. But not all 
geologic matters even are properly subject to settlement by con- 
Tention. This is peculiarly the case with geologic facts. Science 
is distinguished from tbe earlier philosophies of mankind by tbe 
peculiarity that it establishes its fundamental data by observation. 
Tbe old pbilosopbies were founded largely upon assumptions, and 
it was not deemed illogical — peihaps it was not illogical — to ap- 
peal to the authority of an assemblage of experts for the estab- 
lishment of fundamental assumptions. Sut for science it is not 
merely illogical, it is suicidal, to establish facts in any other way 
than by observation. No vote of the most august scientiflc body 
can possibly establish a fact, and no vote can have any weight 
against a good observation. 

Now the entire science of geology, using the phrase in a strict 
sense, is constituted by the aggregation and arrangement of facts, 
and none of its results can be rendered more true, or be more firmly 
established, or be prevented from yielding to contradictory facts, 
by conventional agreement. A classification, if it has any value 
whatever, is merely a generalized expression of the facts of ob- 
servalion, and is outside the domain of the voter. If it comprises 
all the essential facts, its sufficiency will eventually be recognized, 
whether its authority is individual or collective. If it does not 
comprise them, it will inevitably be superseded, by whatever au- 
thority it may have been instituted. For titis reason I am opposed 
to the classification by tbe Congress of tbe sedimentary forma- 
tions, and likewise to the classification of the volcanic i-ocks, and 
I also regard it as ill-advised that the Congress undertook ihe prep- 
aration of a map of Europe, for that — if more than a work of com- 
pilation — is a work of classification. 

If we examine tbe other undertakings of the Congress — the 
definition and gradation of taxonomic terms, the systematizalion 
of terminations, the selection of a scale of colors for geologic 
maps, and the selection of other conventional signs for the graphic 
expression of geologic phenomena — we find that they all belong to 
the means of intercommunication of geologists. They aflTect only 
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the verbal and graphic technical langaage of the science. Of tfat 
same nature ia the arbitrary time scale whose preparation I faTM, 
— a conventional terminology for the facts of correlation. So we 
may say in general, that the proper function or the Congress ii Hk 
establishment of common means of expressing the facts of genA- 
ogy. It should not meddle with the facts themselves. It may 
regulate the art of the geologist, but it must not attempt to r^a- 
late his science. Its propei- field ot work lies in the determination 
of questions of technology ; it is a trespasser if it undertakea the 
determination of questions of science. It may decree terms, bat 
it must not deci'ee opinions. 
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On thb ditfbrbnt types of thb Dbtonuk in Nobth Ambrica. B7 
Prof. H. 8. W1LUAU8, Ithaca, H. T. 



The Devonian ODteropa of America are cUsBlfled Into four areas, each of 
^bich has Ita dlstlncttve cbaracters : physical, lltbologlcal, stratlgraphlcal 
Rud biological. 

1. Ad eastern border area, presenting mnch resemblance to the old red 
sandstone tjpe of Qreat Britain, and biologically having malnl; verte- 
brates and plants as distinctive features. 

2. An eastern continental area nltlt a fUlI series of distinct stratlgraph- 
leal divisions, and biologically marked by numerous temporary faunas, 
mainly of marine Invertebrates. 

8. An Interior continental area with a short section of msinly calcareous 
rocks, following llmestonea below and ranning Into limestones above, and 
representing raunally the middle marine fauna of the east with, at Its base, 
traces of the loner fauna and at its top traces of the apper fauna. 

4. A western continental area with thick and continuous limestones 
below, terminating above in thick masses of shales, but fbunally presenting 
a remarkable blending and continaance of the general Devonian marine 
fannas from bottom to top, with, however, a clear Indication of Lower 
Devonian at the base and of Upper Devonian at the top. 

These four types of the Devonian are not capable of coordination In any 
of the details of llthology or stratigraphy and In terms of biological con- 
ditions, although presenting clear evidence of representing the same posi- 
tion In a geological scale, are capable of only a general kind of uniform 
enbdivlslon Into lower, middle and upper, and any attempt to Qx a classi- 
fication which Is appropriate to one upon either of the other would be 
forced and misrepresent the facts as found in nature. 

The problem of unification of classification, as tested by this single sys- 
(207) 
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turn as exhibited Id North America alone, la Bhoirn to be linpTactic«ble 
TTbenever the dIstlDctlve characters are physical (C e., stratlf^raphlcal, 
Itthologlcal or structural), and where the criteria are biological a anlform 
classiflcatloQ or nomenclature Is doC practicable In the present st«£« of 
Bcieoce except in the recognition of grand dWlslonB abont eqalTalent to 
ivhat are called systeme, and Indeflnlte SQbdlvlstoDS of these Into tower, 
middle and upper stages of the system. 

And ir this be the coticluslou when b single continent Is considered. It 
is not reasonable to attempt to force Qoiflcation of classlflcatioa bejond 
this point when other continents are concerned. 



Section of thk lowkk devonian and uppkr siluriak stbata in ok- 

TltAL NKW YoltK, AS SHOWN BY A DEKP WELL AT HORRISVILLK. Bf 

Charles S. Fkossich, Cornell Univeralt;, Itboca, N. T. 

[absibact.] 

A VTKLL WHS drilled for natural gas at MorrlsTilli<, Hadlson conntj. 
New York, to the depth of 1.8S9 feet. Altitude of the well's mouth Is 
probabl; more than 1,200 feet A. T. 

The well commences In ihe lower half of the Hamilton, and then passes 
through the Marctllus shale; Coriilferous limestone ; Orlskanp sandstone; 
Lower Helderberg limestones; limestones, mikrls and slialea of the Sa- 
llua; Niagara (7; and ends In the upper Clinton. 

The united thickness of the Coruiferous, Orlskany and Lower Uelder- 
berg \n ST9 feet, of which 186 feet Is probalily Lower Helderberg. The 
Sulina of this section consists of S25 feet of hydmullc limestone, 590 feet 
of shales, Impnre limestone and marls, closing with 225 feet of red shale. 
Total thickness of Saliiia, 1,140 feet. At 1,806 feet Is ablae, argillaceous 
shale which may be Niagara. 

Oas was obtained at £73 feet and in smaller amonnt at 7o5 feet, bat not 
in quantity en<iugh to be of economic value. A stralnm of rock salt, 
10-12 feet thick, was reached at 1,259 feet In the upper part of red and 
green variegated marls. Samples fi'om 1,80S and 1,815 feet show traces 

I am indebted to Mr. W. W. Hague for the specimens illustrating this 
section, and also to Mr. B. &1. Hague and Capt. H. H. Cumlngs (br addi- 
tional information. 

The accompanying section gives the most important facta of the welL 
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The dppbr Hamilton or Cbrmamgo and Otskoo couktiks, Skw Tobk. 
By Cbableb 8. Fbosskk, Cornell UniTeralt;, Icb&cs, K. T. 

[ABaTKiOC.] 

It win be remembered that the " Oncont& or Montrose euidatoDe " of 
Tanuxera was for a long time considered the lower portion of a canciao- 
ous Catsklll section. Later, above fiOO or 600 feet of Vanuxem's OneonU 
SHPdstoDe, shales were foaud contalDlog ui abandant Brachtopod and La- 
melllbrauch fbana. Since then the lower red and gray sandAtooea hare 
geoerall]' been called the Oneonta group. Below tbeae sandstones arc 
the Ithaca and Portage groapa of the State Keport, which bare been con- 
sldered b; recent writers as Upper Hamllion.' 

From a study of the region In qDestion It Is beliered that tbe following 
stages tiave been determined between the Ooeonta Baodstone and nn- 
donbted Hamilton. 

1. A series of shales and sandstones, 300 ISeetln thickness, the middle 
portion of which contains numerooa fossils. Some of the moot common 
are: 

Faraq/ela$ Urata, Con. 

Chonete* leUula, H. 

Troptdoleptw earinatv. Con. 

The fossils gradaall; dtmlolsh in nnmber towards the apper and lower 
portions of this stage and finallj stop. S80 feet of these shales may be 
seen tn the lower partoflhe high hill west of Norwich, and aboat SOO feet 
Id the loner portion of the hill near Oaeonta. This fauna Is tbe Oneonta 
group of Conrad* (not Vannzem) and lu 188B was called by Dr. H. S. 
Williams the Faraet/ela* Urata stage of the Hamilton fanna.* Id the 
lower part are thin, blue Aagatones which are tbe " Sherburne flagstones" 
of Vannxem. 

2. Blue shales which change to sandstones and coarse, arenaceons 
shales at the bottom. Foeells are very rare and tbe zone Is at least 7S 
feet thick In tbe Cbenaego valley. 

5. Black, argillaceous shales, 20 feet In tblckncBS near Smyrna. The 
Genesee shale of the State Report. 

4. Limestone layers, separated by cslcareooa shales, with a total thick- 
ness of 26 feet. Eastern exposure of Tally limestone near Dppervllle 
In Smyrna township. 

6. Below tbe Itmestooes are shales containing a typical Hamilton fknna. 
farther east In Otaego county, Conrad's Ooeonta group and the barren 

ahalea below are clearly shown ; bat I was unable to And the black shales 
or limestones. 

These investigations were undertaken at tbe request of Dr. H. 8. Wil- 
liams and may serve as a contribution to the elaboration of the det^ls of 
Devonian stratigraphy npon which he Is still at work. 

iSeePriM. A. A. A. 9., Vol. XXXIT, pp. 1» and lSS-1. Pal. S.T„ Vol. V, PI. I, 
LamclL II, pp. filT-S and SM. 
• H.Y. Add. Geol. Rep., 1811, pp. 80. SI, SO and 5S. 
■ Proe. A. A. A. B., Vol. XXZIV, p. tit and chart. 
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Thr QRAinTB AMD (JDlimYTB COKTACT AT THB AURORA MINE, GOOBBIO 

IKON RAKOB, AT Ibonwood, BftCBtOAM. By Prof. N. H. Wixchkix, 
MloDe&poliB, HlDD. 

[IBBTKACT.] 

This paper described the fleld appenranceg, partlcalarl; the natara of 
the granite and the quartsyte, and ibelr manner of superpoHitlon, the lat* 
ter being UlaHtrated by a (tlagram. The conclusion derived ts that the 
f^ranlte is emptlTe, but is the prodact of local fusion ot a member of tbe 
HuroDlan, and beace that It should not b« awlgned to the Laureutko, aa 
done by the geologists of WUconsln. 



[ABtTKAOr.] 

A WKixnas bored fur oil or gas at Oxford, Ohio, at a point 900 feet aboTS 
the sea level. The drill passed through varlons strata to a depth of 1,365 
feet when salt water was strnck. The first forty feet was drift. Then 
came about S60 feet of blue limestone and shale InteretratlSed. Beneatb 
this WHS S80 feet of compact bloe shale, and at 787 feet the division be- 
tween the Cincinnati gronp and the Trenton was found. This was forty- 
seven teet thick and was a dark, hard, nearly btnck limestone. At BS6 
tvet a white limestone was found which was the npper part of the Trenton. 
This continued with little varliLtlon till 1,280 feet was reached, and it 
seems the equivalent of the Blrdseyellmestune of New York. At 1,280 feet 
the rock was coarser and till 1,326 feet was reached was of about tbe same 
character. This ma; be referred to the Chazy of New York. Immediately 
below this the rock chan^'ed again and became arenaceous. Thus the 
Trenton in this section was about GOO feel thick and the Calclferous sand- 
rock was fonnd immediately bclowit. This was penetrated for forty feet, 
and then salt water being fonnd, the drilling was stopped. Samples from 
eighty-seven depths were saved and examined, and tbe section made by 
the Hid of these. This Is the first well, of which there is an antbentic 
record, which has passed through the Trenton In sonthwesiem Ohio. 



SectiOk or LOWKK stLDBiAV (ordovicuh) and cahbriam strata im 
t'KMTRAL New YoiiK, AS SHOWN BY A UEEP wKU. mbak Utica, By 
CHAiaEa D. Walcott, U- S. Geological Survey, Washington, D. C. 



The speaker described a well, drilled to the depth of 3260 feet, on the 
fitrm of the late Hon. Samuel Campbell, three miles west of Utlca. Sec- 
tions, of the strata penetrated by the well, were given as known Arom the 
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mporlaoiu made between them and tht 



nearefit aor&ice ontcraps, and c 
well section. 

In the tollowing table tbe two are combined; the well record stopping 
at 2. 100 fbet, aa the dala pertaining to the lower 160 feet was oonaldered 
nnrellable. 
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This 18 the first known section In the Mohawk Tallejr where the atrata, 
between the base of the Oneida conglomerate of the Silurian and the 
gneiss of the Archeau, hare been meaanred and tbe relative thlcknesa of 
the formations determined.^ Fossils were found in tbe chips from the 
Trenton limestone, but not Ib^mthe rocks beneath. 



I>»CoTBRT or FOSSILS IN THK LOWKR TACOMic or Emhoks. B; Cbauuu 
D. WiLCOTT, U. S. Geological Survey, Washington, D. C. 

[abstract,] 
rOBBir.e in tiig qcAxTziTE. 
Sbvrral localities of foaslla were reported in the 0601087 of Vermont, 
pp. 366 and 367, as occurring In the Granular Qaarti of the Taconlc sys- 
temj lint, on investigation, the apeclmeas proved to have )>een obtained 
fWinl drift bowldera and not Trom rocfaa I'n tttii, except In the case of Sco- 
llthns, which Is a fossil of little atratlgraphlc valne. When engaged In 
work In connection with the C 8. Geological Snrvey I traced bowlders 
containing foaslla to an outcrop or quartzlte, two miles east of Benning- 
ton, Vt., In which the Following species of Middle Cambrian foaalls were 

iThe well Marti alxtr feat Mow tbe Bommlt of formation. 
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foand in iltii : Hi^Uhet, like S. commaaU, Nothoiot Vermonlana, Olenellui 
ataphotdei. Four hnndred feet Id thickness of qaartzite Is shown In the 
section, and the fossils occur fToiD thtrtj-flve to eighty-flve feet fMm the 
base or the exposed strsta. The quartzlte was traced north Into the val- 
ley of Roaring Branch In the town of Woodford and across the valley to 
the sonthern and west«m slopes of Bald Hoantaln. To the sonth, the 
qnartilte extends along the nestern slope of the ridge leading to Dome 
Monotaln in PownsI, uortheast of Willlamstown, Mass. It caps the latter 
mountain and crosses the valley to ttie Clerlisbargh groap of mountains, 
along the slopes of vrhlcb It extends to a point opposite WilllamstowD 
and then east to North Adams, Mass. On the western summit, towards 
'Williams town, the qusrtzlCe is In contact with the pre-Cambrlan gneiss; 
and ft-agineuts of a triloblt« were found about ]00 feet above the coutacL 

FOSSILS IN THB U8TKBM UHC8TONB. 

Up to August 6, ISaT, determinable fossils had not been found to the 
writer's knowledge in the limestone east of the Taconic range or the sec- 
ond great fonnation of tlie Taconic system. The fossils dist»>vered bj 
Professors Daua and Dwiglit were from the western side of the range, 
and were referred to the Sparry limestone or Upper Taconic by writers 
favoring the view of the pre-Cambrlan age of the Stockbrldge or Eastern 
limestone. The fossils to which I now call attention were found In the 
Eastern limestone, In the town of Pnwnal, Tt., about half a mile north 
of the Massachusetts line. Tlie fossils were weathered out In relief on 
the sur&ce of a light-colored clouded compact marble. The Identified 
forms are Maclureaf Murchitonia bellactnctaf H. MlHerit BaphUtoma sp.? 
and a large crushed gasieropod shell. The fauna belongs to the Treuton- 
Chai; terrane and correlates the Eastern or Stochbridge limestone with 
the Western or Sparry limestone. 

The discovery of determinable fossils In the qnartzlte and the Eastern 
limestone of the Lower Taconic united with the data obtained from the 
'Western limestone and the Taconic slates in Waablngton connty , practi- 
cally puts at rest the qnestion of the geologic age of the Taconic system. 
We now know positively that the quartzlte series and the Upper Taconic 
are of Cambrian age, and the limestone series with the overlying schists 
are of Lower Bllarlan (Ordovlclan) ago. 



NoTBS ON THK Bbiuca aiiiT IN morthbabtbrn Ohio. By H. P. Cdshikci, 
Cleveland, Ohio. 

Thk sections run from the base of the Sharon Conglomerate at the top 
down to the base of the Bedford Shale, or its probable equivalent at the 
iMUom, or as near to that horizon as possible. 
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[s Pror t. C. White's general MCtion In Kria md CrawDiril CoDDtias, Fa. No. 
1, my ■acKon In Aahubnls and Trambull ConntieB, Ohio, near Ph. Una. No.S. mjito- 
tlon tbrongh Warren, Tmmball Coantf. Ohie. No. 4, H. C. Sead'a Kanenl acellon In 
A*fatabalH and Trnmbnll Conatlea, Oblo. So. 6, Dr. MewberrT'i BeneriLl aeotloa Ig 
Cnjaboga Coon?. Ohio. 
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In the WaverljGronpithronghoat the larger part or northern Ohio, there 
Is one strong persleteiit Bandstooe horizon, and bat one, tbe Berea Grit. 
In tracing Itsoatcrop to the east, Mr. Read, vh«D neur the state line, came 
upon three sandstones near this horizon all reneinbllng aome lUhological 
phssea of the Berea. He conclades that the Berea here has spilt Into two 
parts, or possibl; evea into three. The dark blue or block shales with 
black slate Taana, which be Toand l;1ng betneeu his two lowest sandstoDv 
members, be called Bedfbrd shales, thus putting part of his Berea below 
the Bedfbrd. This same shale which he calls Bedford in Kinsman town- 
ship, he makes do duty as Caraboga shale — Berea shale of Prof. Orton — 
in VemoD township aod at Warren. In my section near Warren Ihe lower 
tyro of these three sandstones appear. The upper one of the two Is the 
stone quarried near Warren and, according to the Ohio Keports, lies In the 
Cayahoga shale. It Is here considerably thinner than on the state line; 
directly nnder It the black Berea shale appears. This stone is bej/ond doubt 
the equivalent of the middle sandstone near the state line, that Is as cer- 
tainly the equlralent of the Sharpsvllle sandstone of Frof. White In Craw- 
ford Conntf, Pa. North of Warren another sandstone appears directly 
ntidtir the black shale and is the equivalent of the lowest sandstone on the 
Btate line, of the Corr; sandstone of Prof. White In Pa., of the Berea of 
Korthern Ohio. That it Is the Berea Is shown : 

1. By the hard, black, sandy, sulphurous lajer, two inches thick, which 
separates It from the black shale above. This stratum occurs nearly every- 
where above the Berea In Ohio and I did not And It above either Of the 
Other sandstones at this point. 

2. Bj the nearly black shale, with a black shsJe fauna, which directly 
OTerlles It, and whose stratig rap h leal relations (as eitblbited In the sec- 
tions^ show that It could not possibly be the Cleveland shale. 

3. By the series of blue shales and flags, Bedford, underlying It. 

4. By the fact that neither of the other sandstones here can represent 
the Berea. The npper Is too near the Conglomerate and is underlaid by 
100 feet of strata with Cuyahoga shale fossils. The middle one Is the 
equivalent of the sandstone at Warren, and apparently nearly runs ont 
Jnst west of that polut, being sh&ty and having only about a. thickness of 
six feet in the Mahoning river, west of Warren. The work so far done 
would seem to show that Prof. White is right in Ms claim that the Corry 
sandstone is the equivalent of the Berea, which thns lies from 200' to 230' 
below the Conglomerate in Ashtabnla and Trumbull Counties, Instead of 
100' as Mr. Read gives It. This Interval Increaaes as we go east, slightly 
dimlnlabea westward, and then rapidly increases toward the sonth. 
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Notes upoh thk Texas sscnoir ov tbk Aherican cmtaceocts. B; 
RoBKXT T. Hill, U. S. O«ologtc&l Banej, Washlngtoa, D. C 

tABSTBAtn-l 

Owing to its pecallar transltloDnl geognipblc position and the Avor- 
ftble conditions of exposure of Its stt&t>, the Bt»te of Texas presents 
the best opportnoit; for the stud; of the Amerlcftn Cretsceoas, whlcli has 
there the roost comprehensive verttcul range. Both the Galf series or 
HIsxissippI section of BUgard, except the problematical littoral EaUw 
formation at Its base, and the Boclcy MoDntalu series or NebraskEan sec- 
tion of Meek and Hayden extend into the state by direct stratigraphEe 
contlnultj, and their relation to each other can ba eaailj studied. In this 
paper the confbsloD of opinion concerning the strata of the region inci- 
dent to the atratlgraphlc errors of Bcemer, Sbumord and others Is cleared 
up, and the existence there beneath the Dakota sandstone of the Heek 
and Uayden section, of an older deep marine gronp of sediments previ- 
ously mentioned in a paper read before the Philosophical Society aX 
Washington, Jan. 29, 1887 (see Am. Jonr. Science, April, 18BT) is dem- 
onstrated by paleontologic and atratlgraphlc data. Tlie fanuas of ibis 
new group have great resemblance to the tower portion of the middle 
and to the Neocomiaa or Lower Cretaceoas of Europe which Is contraiT' 
to the hitherto accepted theory that there existed in this conntry an hUtos 
of all the lower Cretsceoua strata, from alleged Wealden to the opper 
portion of the Middle Cretaceous (Dakota sandstone). 

The paper Is accompanied by lists of the species characteristic of each 
of the principal divisions of the Cretacuons as seen In Texas, and shows 
the Btratigraphlc horizon, range and dlsti'lbntlon of numerous species 
heretofore described [torn that region, but nnaccompanled by these es- 
sential dats. 

In conclusion, the author affirms that any present attempt at other than 
a provisional nomenclature of the American Cretaceous, until this Texas 
region Is more critically stndied, is premature and vrlli tend to increase 
conAislon. 



Notes ok the gboloot or Florida. Bj L. C. Johksom, U. S. Geologi- 
cal Survey, Washington, D. C. 

[ABSniAOT.] 

This paper shows that all the northern and middle portions of Florida 
may be divided longitudinally Into four regions, plainly recognizable by 
surface and soil Indications, t. «., 1. The gulf hamrooclcs westward of 
the line of the great sand dunes; 2. A central region of lime sinks; 3. 
The take region or region of the high hammocks; 1. The eastern slope 
region. 

The rocks which underlie the second or llmeslnk division belong, as 
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faeretofore shown, to tbe Tlcksbarg horizon of the Tertiary. Orerlying 
thlH, and OQtcrtfppiug «s a border on each aide of the central area of ont- 
orop of thiB Eocene or Vicksbnrg llmeiitoDe, la a nummQlltlc rock one 
hundred tett maximum tblchness, supposed to be of true OtiKOcene age. 

OverijiTig the OUgocene and outcropping on each side of it we find 
'vrhltlsh calcareons beds containing mach phosphatlc material and hold- 
ing a unniber ot fosBlle of andonbted Miocene age. 

The Miocene rock above noted la bordered bj more recent deposits con- 
taining shells which are DDdiatlnguishable from those now living In tba 
adjacent waters. These deposits nnderlle the eastern slope region. The 
Miocene forms the snbstratnm of the hammock regions, bnt Isolated de- 
posits of It are also found within the region of the limealnks overlying 
tbe Vlcksbnrg llmeatone of that region. The thickness of tbe Miocene 
beda has not yet been determined. 



The urPBR EOcmE lacustbike koruations of the United States. By 
Prof. W. B. Scott, Princeton, N. J. 
[abstract.] 

The Brldger formation I consider to t>e divisible Into three well- 
marked portions : I. The Wind river at the base, which ts charscterlied by 
many WohsBtch generasnchas Corjfpftorfon, Wenocodu*, etc., bymany trne 
Brldger forms and by the peculiar genus of the Dlnocerata Bathyoprti. 
a. The Brldger basin has a very rich fauna of mammals from which Cory- 
phodon and Phenatvdiit are absent, and Uintalherium la exceedingly abun- 
dant as well as a host of small creodonts and lemurolda. 8. The Washakie 
or BUter Creek basin is osnally considered con temporary with the Brldger 
basin proper, but it shows Important fkuqal differences. In tbe great re- 
duction of the creodonts and lemurolds, In the different type of the Dlno- 
cerata, In the presence of Angnodtm and In the fact that very few apedtt 
are common to the two basins. 

It Is generally stated that these Washakie beds lie conformably upon 
Wahsatch beds, but this has not been clearly estabtlsbed, and some tacts 
In the topography of the region are against It. At the same time It la 
possible that the faunal differences between the Washakie and Brldger 
basins Is geographical and not geological. The Uinta formation is at tha 
top of the Eocene and forms the transition to tbe Miocene. It Is chiefly 
remarkable for tbe absence of the Dlnocerata and Tlllodonta and for tbe 
great number of artiodactyls which occur in It. Several Bridger genera, 
such as Amj/nodon, Hj/raekj^tu, Fletlarelomye and Meionux occur in these 
Ijeds, but no genus has yet been fonnd common to them and overlying 
White Biver beds. 
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This paper gives an account of tlie condition of the Cnyabo^ tbIIcj tt 
the tlrae when the North Americsn Ice-sheet had retreated beyond the 
line of the Ohio watershed bQt still occupied tlie basin and thesoatfa shore 
of Lake £rl«, blocking all drainage to the northward. The lce~dani tbea 
lying across the Cayahoga valley, by damming Che water, prodnced a like 
whose waters ueceesarily rose nntll they found an outlet at the lowest ae- 
cesslble point of the watershed by which they escaped southwardly to the 
Ohio River. 

Thhi lake measured at some times at least In its history ten or twein 
miles long by from three to six miles wide. Its depth at the northern ead 
was about 800 fbet, lessening gradually to the southward. It fonnd an 
OverBow through a valley that divides the city of Akrou Into two parts 
and Is occnpled by the Ohio Canal whose highest reach on Sarnmlt Lake 
Is S96 test above Lake Erie. 

The level of this " Lake Cuyahoga" was of course determined by that 
of Its outlet "the Akron River" flowing tArou^h the gap at Its Bonthem 
end. This was In all probability somewhat lower than at present.' As i 
standing testimony to the existence of this lake the valley of tfas Cujt- 
hoga Is now c1o|:ged with a mass of slit containing a few stones — Hnch U 
are usually deposited by glacial lakes — whose upper surface forms ale^ 
race at the height of about 860 to 370 feet above Lake Erie. A long ex- 
istence seems to be proved for this lake by tlia great thickness of the bed 
of silt which In some places, especially near Its northern end, cannot be 
leiB than iiOO feet. 

[For the full paper of which the foregoing sentences are an abatrsclMe 
the Transactions of the Edinburgh Geological Society for 1687] 



Glacikr erosion in NoBWiT, and notbb hpon nortukrn ica actios- 
By Prof. J. W. Spknckr, University of Missouri, Columbia, Uo. 

[ABBTBACT.] 

Ths following notes are ftam personal observations In Norway daring 
Uie summer of ISSe. 

(a) As many of the Norwegian glaciers are rapidly advancing, they arck 
over from rock to rock, and leave sabglaclal caverns Into which the ex- 
plorer can go long distances. 

(6) Numerous angular and snbangnlar stones, as well as those roanded 
by atmospheric erosion, are resting upon the crystalline rocky beds vltb 
Uie Ice flowing about tbem ; that Is to say, the resistance due to the fdc- 

I Later obiervatloaa show that (he diSerenoa was very lltUa. 
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tlon between the stonea and the rock la greater tbaii the cohesion of the 
molecDles of the tee, which flow about the obatacles as n vtscone bodj 
does. Even stones restiog apon the loose nnd soft moralnlc raattsr, over 
^blcli the glacier Is adrauclng, are sufficient to chanoel the ice sa It moyes 
over them. 

(e> No blocks were seen In the act of being torn up tima the SQbJaceat 
TOck, nor were the loose stones being picked np. 

(d) A large ronnded boalder, held In the tea, was beln^r rolled, in place 
of shoved, along by glaciers, as shown h; the mouldings in the Ice. At 
the same time, It was being cmahed. 

(e) The abrasion b; the falling of detached masses of Ice and stones is 
considerable. 

CXi ^ tongne of lee, hanging from the roof of a cavern, was pressing 
Kgaltist a iooae boalder, that a man could have moved. In place of paeb< 
log the atone, or moving aroand it, the saspended tongae of Ice (abont a 
cable yard), was bent tieckward, nearl; at right angles, In a graceftil 

(7) Scratched stones were rarely seen among those fitlllng ont of the 
bottoms of gtaclen, and In many places the rocks were scarcely, If at all, 
scralcbed. Although occaglonall; highly polished, the aabjacent rocks, 
even where scratched, showed genendly surfaces roughened by weather- 
ing, or with only the angles removed. 

(ft] The upper layers of Ice were seen to bend and flow over the lower, 
wherever low barriers were met with, tn placu of the lower strata being 
paahed up b; an oblique thrust. 

(f) A glacier was advancing into a moralnic lake, and In part, against 
the terminal barrier. In place of ploughing up the obstruction, the strata 
of Ice was forced np Into an anticlinal, along whose axis there wu a frac- 
ture and fhnlt. Thos domes of ice covered wUh sand were produced. 
The sand bad been deposited npon the surface of glaciers by the wtiters 
of the lake. The conformabillt; of the sand and the strata of uplifted tee 
was nndlstnrbed, except along the line of halt. As the domes melt, 
cones of sand with cores of Ice are left. By the lifting process the mo- 
ralnic barrier Is covered with clayey sand, as If subjacent strata had been 
ploughed np by the glacier, of which there was no evidence. 

(j) At eeverai places where glaciers are advancing over moraines, they 
are levelling them, and not ploughing them out. This levelling process 
is by the dripping of the water from the whole under surface. In Rict, 
even the loose stones upon the water-soaked moraines were sufflcient re- 
sistance to cause the bottom of the Ice to be grooved- 
tit) The fUl of a great Ice-avalanche from a high snow-tteld, down a 
precipice of a thoosand feet, to the top of a glacter rimanii was seen. 
These falling masses of Ice bring down the frost-loosened stones Ttoat the 
sides of the mountains npon the glacier, which is charged with delrUut. 
It Is this material which furnishes mud to the subglaclal streams, and 
not the rocky bed of the valley worn down by glacial erosion. 
(X) One does not find that the glaciers per *« are producing rock-hum- 
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mockB. These are the result of Btmospberic and aqueous eroalon, altlioD^ 
perhaps beneath a glacier, which Bvreeps over Ihem and to some exteat 
scratches and polishes them. The effects of glaclatioo Id removing an|;lei 
and In polishing earraces are small compared wiUl atmoapherlc erarioe 
□pon the same rocks- 
Cm) Tlie transporting power of glaciers Is limited to the dfbria irhkh 
fklla upon its surface from overhanging or adjaceut cliSb, and afterwards 
frorks tbrongh the mass or comes to be deposited at Its end. 

The uhove observattoDs are In accord with pbenomeDa seen b; wloits 
explorers In FrauE-Joseph Land, En Spltzborgen, In Grinnell Land and ia 
Labrador, In which places iloeberg-lce Is modifying terrestrial featarea In 
a manner commonly attributed to glaciers. 



NOTKS UPON THK THKORT OF QLACIltL MOTIOM. Bj Prof. J. W. BPUiCKB. 

University ofHIsaoarl, Columbia, Mo. 

[IBSTKAOT.] 

This paper Is a rider to the laat. 

From the flowing of glaciers about loose obstacles, with coneeqneat 
grooving of their lower surfaces ; from the movement of upper layers of 
Ice over the lower, where the mass meets obstacles ; from the bending of 
tongues of Ice rather than the dislodging of loose stones agalDst which 
they Implngej and from the crushing of a large, rounded, granitoid boul- 
der, reslliig upon a hummock, as It was rolled (uol pushed) along by the 
glacier (that covered the stone by only thirty or fbrty feet), which rose up 
the Ice-falls SOOO feet or more, whose weight could only be tranfimltted 
against the stone, by acting through a anld or semi-flnid mass ; the concln- 
elon Is reached that the motion oFglaclera Is due to viscosity and plastic- 
ity, as proposed by Forbes more than forty years ago. 



Baku bouldrfs in thk drift, or suB-aatiKODS orioin of the drift tx 
CKNTRAL HissocKi. By Prof. J. W. SpiKCaR, University of Hissoarl, 
Columbia, Uo. 

[ABBTRACT.l 

Trk drift Is of northern origin, as shown by Internal characters. It Is 
somewhat stratified, althongh this Is not always easily recognised. It 
contains water-worn sand boulders from three to twenty feel long, which 
have had the forms produced when f^oaen. Others In oil stages of flrocture 
from ice-Jams are seen. 
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Thx Colombu Fobx&tiom. B; W J McGuc, U. S. G«olog[cal Sorre;, 
'WubingtOD, D. C. 
Trk Colnmbis fonnatlon bu been etudled In and traced over tbe Mid- 
dle Atlantic coSHtal plain. It consista (I) of a series of dclttm laid down 
along the Inland mftrgln of the coastal plain by the Middle Atlantic slope 
rivera — tho Roanoke, the Appomattox, the James, the Sooth Anna, the 
North Anna, the Rappahannock, the Potomac, the PatnTenC, the Patnpsco, 
tbe SasqaebaDna, the Brandy wine, tbe Schajlklll and the Delaware — 
dnrlng a period of submergence reaching fullf 100 feet at the flrsC named 
river, about 450 feet at tbe last named, and Intermediate amoants at the in- 
termediate rlrera ; and C^) or a aerica of terraced littoral deposits connect' 
Ing and gradoatlng Into the deltas and covering the remainder of the 
coastal plain to the Atlantic Ocean. The deltas alike conalac of a lower 
division made np of bowlders, coarse gravel and sand, and an npper divi- 
sion made np at brlck-clajr or loam ; but this bipartltlon Is the less ded- 
nlte in tbe littoral phase of the formation. 

The rormatlon overlies nnconformabl; the various Cretaceous ond known 
Tertiary depoalta of tbe region, and bag therefore been Inferred to be Quat- 
eniar7. Moreover, the bowldera of tbe lower division of tbe deltas are 
mnch larger than the rivers could transport In ice-floes nnder existing 
temperatures, and the ioani of the upper division aometlraea consists of 
roclc-Oour, or glacial mud ; and It is hence Inferred that the depoMts were 
laid down during a period of cold and extensive northern giaclatlon. 

Over considerable portions of the area of tbe formation, the materials of 
which It conalxta have been traced to their soarcea : The larger bowlders 
bare been found to be derived from tbeTrlassIc, PalceoKolc, and cryHtnlllue 
terranee traversed by the rivers; tlie smaller pebbles have been found to 
be generally derived from the Potomac formation ; and tbe liner materliils 
have been traced to several sources, including the grist of a glacier long an- 
tecedent to that which depositedtlie great terminal moraine already mapped 
most of tbe wiiy across the continent. To tbe northward, the formation 
Is overlain by the terminal moraine. 

It has been inferred from the relation of the Colnmbia formation to the 
terminal moraine and the drift-sheet which It fringes, that tbe older de- 
posit represents a period of Quaternary cold, much earlier, much longer 
continued, and accompanied by tnach greater submergence, than the epoch 
of cold represented by the newer deposits ; and It bas been Inferred from 
the relative erosion of water-ways since tbe two deposits — Columbia and 
latest-glacial — were formed that the Interval of mild climate and high 
level of the land between tbe two epochs of cold was from three to ten 
times as long as the post-glacial period. These Inferences are fully sus- 
tained 1)7 a long series of observations extending over three years of time 
and many tbonsaud square miles of area. 

The results of the study of the Columbia formation and of tbe drill to 
the northward appear toforman important contribntion to our knowledge 
of the Quaternary hlstoiy of the United States : It appears to be estab- 
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lished tliat tb« Qaaternarj consisted of two epochs of cold aepanled b; 
a great Interrsl of mild cllmnte ; that the first was macb tbe longer, thoogh 
the Ice-sheet did not extend so fBrsoutbmard along the Atluitlc coisl: 
aod that whtle both were accomptiDled b; depreRslon of the land incn>- 
Ing northward, the depression of the Srst period was mach the greater 
and ext«[ided fall; three hundred miles fiirtber southward. 



Oknbsis of thr Hawaham Islands. B; Prof. C. H. Hitcbcock, Haoo- 
Ter. N. H. 

[abstkact.] 

These lelanda constltate an archipelago, 1,725 miles long reaching to 
latltnde 180°. There are fourteen smaU Islands to the westward ofthe 
larger ones not nsuallj reckoned. These are low islands. Indicating ap- 
parently a greater amount of enhnldence at tbe northwest. 

Tbe general view that tbe Islaudn are of volcanic origin, sitaated on a 
plateau 16,000 feet deep, was advocated. I will partienlarlEe only that part 
of the paper which refers to the existence of certain terraces, ^apposed to 
be of marloe origin, by Capt. C. B. Uutton In hia report to the D. S. Geo- 
logical Survey. He thought there were several benches largely of sedi- 
mentary materials, the highest rising to the height of 2,600 feet, apon the 
island of Hawaii. 

1. They are spoken of rather indeOnltely, as tbelr apper levels are va- 
riable. 

2. The Island Is everywhere covered by basaltic terraces, resoltlng 
from Interruptions In the Bow of lava. If these should be covered by deep 
soil the; would resemble sea margins. 

S. An examlmitlan oT the butte near HIlea, figured In Dutton's report, 
showed It to be entirely of basalt covered by a thin sedimentary deposit, 
which is more or less continuous with the soil upon which tbe neighbor- 
ing sngar plantations are located. A cut Ihroagli this near Walohina ex- 
hibits a wouderful similarity in this deposit to the loess of the Mississippi 
valley. If we follow the theory of Pampelly and regard this flne-graliicil 
deposit on Hawaii as uf Eollan origin, we have probably the true expla- 
nation of Its formation. 

4. If of marine origin there should be coralline or other marine relics 
In these sediments; for these organisms are now common off the aoath- 
ern coast. Bat so evidence of this nature has yet been discovered Id these 



6. In the Kan desert and upon the east flanks of Manna kea Is a wide 
spread coatto;; of volcanic ashes. Itseemsprobable that these floe-gnUned 
materials fUmlKhed the substance of the supposed sediments. 

6. Upon the Island of Oabn and especially upon Eanal, the existence of 
easily decomposing alluvial- like beds, man; scores of square miles in ex- 
tent and of great depth, fDrther lUustratea bow volcanic i^ecta-menta IFoni 
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monticolea almulBte Bedlntentary deposits. CaSooa tno bundred fe«t deep 
bave been ezcAvated In thsin, and the walla ebow lliiea of ^parent stntl- 
fication. Mbd7 of the layers bave been decomposed Into soft clays. 

7, The changes oflavelnpanEIanall now observed are those of depres- 
sion rather than or elevation ; on Its south shore the tranks of (Mcoannt 
palms are left standing In the water where they grew. 

"We therefore coiiciade that the evidence of elsTstlon derived trom these 
sedimentary deposits by Captain Dutton Is not conclusive, and tliat we may 
still retain the views of the origin of these oceanic Islands set fortb by 
"Wallace. 



Ok the Monticulifoboid cobai^ of the Cincinnati orocp with a 
CRiTiCAX RRvisioN ov THE sPECius. By Prof. Jus. F. JAHica, Miami 
Univ., Oxford, Ohio, and U. P. James, Cincinnati, Ohio. 

[ABSTBitCT.) 

TaiB groap Is a very large and dlveralfled one and specimens are Iband 
in great abundance tu the rocks of the Cincinnati Gronp. Only a few have 
worked in the field and published the reanlts, and these are Dr. H. A,. 
Nicholson, Mr. U. P. Jamea and Mr. E. O. Ulrlch. Dr. Nicholson has 
given a systematic acconnt of forty-three species with Q go res, thirty- three 
of ^vhich have been fonnd at Cincinnati. Mr. U. F. James has rnade de- 
scriptions of many apecles In "The Falaontologist " and Hr. Ulrlch has 
contributed papers In the " Jonrnal of the Cincinnati Society of Nutnral 
History. Much of the work of Dr. KlcboUon and Mr. Ulrlch depends 
upon the microscopic stvDctnre of the liiterlor of the fossils. The present 
paper Is an attempt to arrange them according to external featnres alone. 
The value of the titerlor, thongh disputed by Dr. Nicholson and Mr. Ul- 
Ilcli, Is shown to be of valne and importance by qnotatlons from their pub- 
lished papers, while the uncertainty of the internal microscopic features 
is shown by extracts in the aame way. 

The species are divided Into six principal groups, viz., th« Maailvt, DU- 
coi<l, Detulrold, Laminar, Eneruitiag and those assuming forma of special 

The insnlSclency and impracticability of the five subgenera of Montlca- 
llpora of Dr. Nicholson and of the eighteen genera of Mr. Ulrlch Is shown 
by a collation of the characters of each genus, and it Is couclnded to di- 
vide the family JfontfcuI<porfd(c into two genera and three subgenera, viz., 
Montiealipora, with three snbgenera, DekayCa, ConUellarta and FUtvlipora 
and genus Cgramopora. 

The second part contains descriptions of species with synonymy and 
remarks. It is to have an Index to species arranged by cross references, 
a glossary of terms and index to the whole.' 

• Put flnt printoa Id fUl in Jonr. Cin. Boc. Nat. HiBt., Oct., 1B8T. 
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THK 8TATX LINK ■KltPKNTIKB AND ABSOCIITED BOCKS : A PRBUMIMAKT SO- 
TICK or TBB SKRPBNTINES OF S. £. Fkkkbyltanu. Bj Prof. FkedI 
D- Cbbbtbr, DelaiVBre College, Newark, Del. 
[ABarBACT.] 

Author points out on map the wide dlitrlbatlon of rbomblc pTroxene 
rocks within the Aiolc belt of FeuDaylvuila, Delawartt and Hai7Uiid. 
Recent petrograpfaic stni]; bas proren the genetic nnlty of the«e Tari«d 
types. 

The so-called Lanrentian Bjenltes, described b; Hr. C. E. Hall, Id Dela- 
ware and Chester CouuCles, Penii., are stroctarallj nnlted with and find 
their esact couaterparts In the gabbros, norltea and gabbro-dlorltes Id the 
state of Delaware. The many areaa of serpentine of soatheastem Peoo- 
Bylvaoia are closely related, If not In most respects idenUcal, wltfa the ser- 
pentine whicti Is minutely described in the present paper. 

The state line serpentine occurs along the bonndary between Chester 
Co., Fenn., and Cecil Co., Md. The rocksof this belt present close anilo- 
gles to certain of the gabbro-dlorltes of Delaware, snOIclent to show thst 
they are chronologically nnlted. The original mother rock of tbis belt U 
found as two extreme types, which mn Into each other by IndlstlDcC 
stages. The flrst is a crystalline mixture of bronzlte and diallage witk 
accessory olivine, magnetite, chromlte and original green hornblende. 
In this rock feldspar Is absent, or present In but a trace. The seeood 
agrees with the flrst, with the exception that a basic plagloclase (anor- 
thlte) Is an Important constituent. 

The llrst variety mentioned is found In all stages of alteration into ser- 
pentine and talcoae products, and from this sonrce all the serpcnUnes of 
this belt have been derived. Both bronalte and dlallage have become al- 
tered Into aggregates of colorless or light green hombleode, either ttem- 
oUte or actlnollte, while these In tnm pass Into serpentine and tote. 

The second variety of the original rock shows changes Identical with 
those observed in the Delaware gabbro-dlorltes. Bere, as before, bolh 
varieties of pyroxene become altered Into tremollte but. Instead of thU 
last passing into seipentlne, we And cores of tremolitic aggregates wltk 
compact borders of green hornblende. The flnal product Is, therefbre, s 
compact green hornblende, whereby the original rock becomes distinctly 
diorltlc. 

This last diorltlc rock Is perfectly compact with scarcely visible strati- 
fication and was styled by Dr. Persifor Fraaer a " trap " although It was 
not supposed to be related in any way to the serpentines. It Is Identical 
in field characters with a similar gBbbro-dlorltefram Iron Hill, Del., where 
the rock la found in like relations to serpentine. 
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8om KXAiiPLBS or thb dtnauig hbtauorphibm or thi akciknt kbup- 

TIVK KOCKS OK THE BOOTH BBOKK OF LAKE SuPUtlOR. By Dr. 

QBOKflB H. WlUJAHS, Johns Hopkins UnlTeralt;, Balttmore, Hd. 

Thrbb jeara igo, at the Phlladelpbia meeting, tbe speaker had the prlT- 
ilegflofbrfngliig to the notice or the Assoctatloa, Prof. J. Lehinanii's great 
-work on the OrlgiB of the Crystalline Schists. In this the ld«a ot the or- 
igin of schistose and even banded rocks by tbe metamorphlstn of eruptive 
masses — the prime cause being orognphic or mountKln-maklof; forces — 
'^as partlcnlarly developed. Since that time this Idea baa coiHtantly been 
receiving more and more attention, especially In Europe, and It hns been 
frattfal in anggesttng many new lines of geological inquiry. The work of 
ILoBsen, Weiss, Schmidt and Tesll may be particularly mentioned. The 
flret named of these Investlf^atora was the llrst to explicitly point out the 
pecDiiar fltnesa of eraptlve rocks for tbe study of Dynamic- or, as he so 
nptly called It, DitloeatUm-Melamorpkiam. They possess a deOnlte com- 
position and stTDCtQre which are lodnltely more valuable as a starting 
point for the study of metamorptalc changes, than tbe beterogeneoos and 
variable sedimentary rocks. 

This Idea is not new, bat It derives a new force and meaning from the 
aid which the microscope Is now able to render In illnstratlng and later- 
prettng It. Rocks are modified !□ three different ways when they arc sub- 
jected to tbe action of the mountain-making forces. 

1. Their external structnre or morphology la changed: MaervMtrueiaral 
MetavuyrphUm. 

8. Their Internal strncture or histology Is changed : Microttruetural Jfe(- 
WBvorphian. 

8. The natnre of their component mlncrala Is changed i MiHtrtUogieal 
Metanorphitm. 

Of these, the Drst only could be satUfbctorlly observed without the aid 
of the microscope. The third conld be very Imperfectly studied, while 
the second was quite nnknown. 

XurotlnKturat 3^ta7norphUm, 
Bocks an altered 

1. By stretching (Strecknng) producing a banded strnctare as In tbe 
grannlltes. 

2. By simple compression, producing a slaty cleavage orfollation (e. g., 
gneiss bands fbllated at an angle with tbeir sides). 

S. By compression of nnequally enclosed masses, resulting In "bulging" 
In the direction of least resistance—Jointing — ■'cross gashes." 

4. By compression with sliding, crashing and shearing of the mass, 
producing schistose layers. 

One of the strongest argnments In Ikvor of the old Idea of the sediment- 
ary origin of all the schistose crystalline rock was the conformablUty o( 

A. A. A. S., VOL. XXXVI. IS 
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their foIlftitoD. This would, however, be the same If the achlstosl^ wen 
produced Id masalTe rocks by preseore. A Torce which elevated » ajsteB 
or borlzontal beds woald tend to develop > foliation In their Included enp- 
tlves which would agree with the strike of the raised beds. SnbseqaeU 
enipttons would alao follow the same directlou aa the line of least resist- 
ance. 

Exampla : The Marquette greenatane aeries and Eureka aeries. 

At Four Foot Falls on the Menominee, the acblsloalty of the greenstaaef 
mar be aeen to agree with the slaty cleavage of adjoining sediments, mot 
with their bedding. 

IBcroitrvclural Metamorphima. 
Admirable Instances of this are contlaaal If revealed hj the mlcraacope. 
A few prominent examples are : 

1. QasrU crystals with ondulalory extinction, broken, or rednced to a 
tine Interlacing mosaic. " Strain" twinning strin in fbldapar. 

2. Feldspar crystals broken and the fragments separated. This a^is- 
ratloD Is always In the same dlrecUoo, no matter how the crystals may 
have lain. 

8, Peripheral granulation ("randikAs Kataldate") of constltnenta pro- 
duced by a rubbing and grinding with a new cry etalll nation in a mosaic. 
This produces Tfinebohm's so-called " mortar atructure." These new prod- 
ucts never show any pressure effects llhe the old. 

4. Parallel arrangement of the new crystallizations in schistose rocks 
while the remnants of old crystals bear no relation to this arrangement. 
Especially seen In schistose porphyries. 

Mineralosiedl or Chemie^ MetamoTj)Mtm. 

1. There Is a direct opposition between the processes of metamoiJiiitM 
iUid weathering. One takes place at great depths and is alteraUon (change 
to B more, or not less crystalline form) ; the other Is decompotitien (hy- 
dration, carbonlClzation, etc., and change to a lest crystalline and mors 
soluble form). Example: chlorite and blotlte. The former results from 
the latter at the earth's Hurface but It changes back to bloUte by regional 
or contact metamorphlsm. 

i. Aa examples of metamorphlsm may be mentioned, nralltlzatlon, aaos- 
surltlzatlon, sericltizatlon, Tormation ofleucoxene (spbene). 

8. As a rule, chemical change Is Increased by and is therefore propor- 
tional to the crnshlng. An Interesting exception to this seems to be pre- 
sented by feldspar. It Is freshest in the most crushed greenstones of the 
Menominee river, where It la most broken 1 Another evidence Is aflbrded 
by the granite south of the Big Quinnesec Fall on the same river. Thlt 
has been much pressed and has Its orthoclase converted partly Into kaolla, 
and partly Into mlcrocllne, which la quite free troJa alteration. Thla Indi- 
cates that the chemical and mechanical action on feldspar are itivtnelf 
proportional. It Is the reverse with pyroxene. 



jM,Googlc 



GEOLOOT AMD GKOQRAPHT. 227 

Thk fouk okkat SANDSTomfl ov Prnnbtltania. Bf Prof. B. W. Clat- 
poi^, Akron, Ohio. 

[1B8TSAOT.] 

This paper wu t. seqaet to one tbAt wsa rend by the uithor kt the meet- 
ing at Add Arbor Id 1B8G.' An attempt wae then made to show that the 
matertHl or the four great sandBtoDes or FeDnsytvanla irse derived trom 
the quartz ledges of the Saoth rooDntalnB, oiice more widely extended. 

The object of this paper was to show that each of these four saudBtonee, 
the Mediua, the OrlBkany, the Catskill-Pocono and the Fottsvllle, la a 
record of a. lost quartz ridge or reef produced bj an earlier manlfestktloD 
of the same tangeotlal pressure that In post- carbon! feroaa times produced 
the Appalachian arches. The site of these lost ridges was laid on the 
Archeean area In the east of PenDajlrEinla over nfaicb the pre-Catnbrtan 
strata now seen In the quartzose and schistose rocks of the South moun- 
tains may have once extended. 

As a transporting force aulQclent to carry and disperse over so wide aa 
Bi-ea ihls vast mass of sand atid pebble the author suggested the tide. In 
the repeated waiih of this forced wave every twelve hours from east to 
west may perhaps be fbnnd an agent capable of doing the work that was 
required. Possibly by this means we may explain the thinning of the ma- 
teria! to the west and Its uniform westward dispersion. 
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VEGETABLE PARASITES A2fD EVOLUTION. 



In the oonntleBS diacaBsions conceming eTolution which hare 
followed the pablication of Darwin's Origin or Species, zoSlogiats 
have gone fortber than botanists in their efforts to explain the 
possible origin of higher forms from the lower. Botanists, as a 
rule, have contented themselveB with a consideration of the ances- 
tral relations of the orders of higher plants hut, until very re> 
cently, they have scarcely made any serious attempt to present a 
general scheme showing, from nn evolutionary point of view, the 
relations of all the groups of the vegetable kingdom. This may 
be due either to their timidity — perhaps modesty is a better sound- 
ing word— or to their ignorance. If the latter, they have certainly 
been wise in avoiding unnecessary display of their ignorance ; if 
the former, they can easily be pardoned, when one considers how 
large a part an aggressive audacity savoring of sensationalism has 
played in the formation of some schemes of development. 

On abstract grounds alone, I presume that few botanists would 
object to the statement that all plants have been developed f^om 
simple ancestral forms, which were nearly related to some of the 
lower animals ; but, when it comes to saying in anything lilie a 
definite way that certain eiiating forms have arisen fVom other 
lower existing forms or their immediate allies in some past 
epoch, and so on until the lowest form is reached, botanists 
may well insist that Imagination should nut be allowed too large 
a scope in supplying missing links. It Is precisely in this point 
that zodlogists have an advantage over botanists. The paleeon- 
(888) 
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tological record of lower animals is more complete than that of 
lower plants so that, wliere tbe zoologist might reasonably form u 
hypothesis, the botanist must rely more on his imagination until, 
[n the end, he finds himself in the poBsesBion of a chain com- 
posed to a considerable extent of missing links. As it, is, if we 
would consider the evolution of plants, not getting much light oo 
the progress of the lower forms from palsontoli^y, we arc com- 
pelled to trust largely to plants as we now find them and to ask 
what are the inferences which we are permitted to draw from ex- 
isting structures and conditions. I shall not attempt to offer any 
scheme of development, or to sketch a family tree whose roots are 
Protocotxi and bacteria and whose ripe apples are tbe genera of 
Fhient^ams, but shall restrict myself to some considerations con- 
cerning vegetable parasites and the inferences as to their poeaible 
origin which may be gathered from what we already know of their 
structure and habits ; partly because this is a groap of plants in 
which I am especially interested, and partly because the problems 
which they offer, even if they can not be solved at the present day, 
are, at least, full of suggestions. 

In the first place, a word as to Uie different kinds of plants which 
are included among parasites. A parasite is usually defined as a 
plant which is unable to transform inorganic material into organic 
compounds and which is consequently obliged to obtain its organ- 
ized matenals from otiier plants or from animals. The definition, 
in general, is an accurate one and correctly defines the vast ma- 
jority of vegetable parasites which belong to the class of fungi. 
That they are strictly dependent on the organized materials de> 
rived eventually firom other plants or animals is sufficiently evident 
when we consider that fungi are destitute of chlorophyll, the nec- 
essary agent in the assimilation of inorganic material. Of the 
parasites proper, we have two kinds : tbe saprophytes, which live 
on dead or inert matter ; and the special, or true, parasites as they 
are usually called, which can only grow on the tissues of living 
plants or animals. Whether the line between saprophytes and 
true parasites is sharply defined is a point which need not at pres- 
ent be discussed. It is enough to say that, as a rule, saprophytes 
lpY>w more or less indiscriminately on dead oi^nic substances, 
while the true parasites are generally limited to a single species 
of plants or to the species of a single genus or order. It is al- 
most unnecessary to cite instances of the two kinds of parasites 
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proper siDce you will at once call to mind PenicUllum atid other 
common moulds which grow as Baprophytea on an endlesa variety 
of Bnbstaoces ; while we have as illustrations of true parasites the 
(^rape Perojiospora which grows abundantly on species of VUU and 
is occasionally fonnd on Ampelopgia and Cisatu, both genera of Fi- 
tacea, and the potato-rot ftangns sometimes found on the tomato 
-which belongs to the same order as the potato, and rarely on spe- 
cies of Scr<q>huiariace(e, a nearly related order. 

The proper parasites do not exclusively belong to the class of 
fiiDgi. You are familiar with the Indian pipe {Afonotropa) and 
dodder (CuKuta) which are our common representatives of para- 
sites that are found in a comparatively small number of orders 
of Fheenogama. As chlorophyll is wanting in these plants we are 
forced to assume that the parasitism is as complete as in fungi. 
Ton, also, will recall the mistletoes and the Oerardias. together 
with other members of the Scn^htUariaaecE which are not proper 
parasites in the sense in which we have already spoken, but may 
rather be called partial parasites ; because, while tliey have chloro- 
phyll and are to a certain extent able to transform iuorgaiiiu into 
organic material, they still depend in part on material taken from 
other plants to which they are more or less closely attached. In the 
discussion of the evolution of parasites, the phfcnogamic parasites, 
however, are of comparatively little importance; because, by means 
of their flowers and fruit, they are rightly classed as belonging to, 
or closely related to, well recognized orders of Phsenogams and the 
question of the origin of the parasites themselves is not to be sep- 
arated from the question of the origin of Plueot^ams as a whole, 
so that, in this case, we have only to account for the modification 
of the organs of vegetation whose greater simplicity may be ex* 
plfuned by the loss of leaves and other assimilating organs which 
have become unnecessary to plants that have acquired the power 
of living upon the food assimilated by other plants. In short, as 
far as parasitic Fheenc^ams are concerned, they may be regarded 
as degenerate forms of other Phsenogams for, in a plant, the ina- 
bility to assimilate inorganic material should be regarded as a de- 
graded condition in which the chances of survival are diminished 
unless some extraordinary provision is made for reproduction, 
which is not the case in Fhenogams, whatever may be true of fungi. 
Whether any proper parasites are to be found unong algee is a 
qnestioQ on which there is a difference of opinion. For my own 
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part, I am unable to recognize any proper parasite among algc 
although ft is tolerably certain that a number of forms generallj 
claBsed among algie may be regarded as partial paraaitea. Tbis 
point, however, can be better considered later on. 

Let us next briefly consider the mutnal relations which exist 
between parasites end their hosts, that Is, the substances, dead or 
living, on which they are growing. At first sight a parasite would 
seem to be purely destrnctive in its action and that tliia is really 
the case is evident in tb« great majority of instances. When a 
piece of bi'ead is attacked by the mould, Mvcor stolonifer, its sub- 
stance continually diminiahes with the growth of the mould. TTe 
need not stop to consider the saprophytes for the case of the true 
parasites is still stronger. There is a constant struggle between 
the rots, rusts and other true parasites and the hosts on which they 
are growing. Just so far as the fungus flourishes, so does the host 
suffer and, if the conditions of temperature and moisture are favof' 
able to the fungus, the host may be quite destroyed. If the con- 
ditions are not favorable to the fungus, the host may coDtinae to 
grow and the fungus may gradually disappear or, at least, pass 
Into a quiescent state. An instance of the sudden and complete 
destruction of the host is seen in the case of the bad epiiemics of 
the potato-rot when whole acres suddenly rot and die. This is an 
extreme case. Other members of the Peronosporece attack young 
seedlings some of which are destroyed while others continue to 
grow and may be said to throw off the fungus. From cases of the 
complete and sudden destruction of the host, eitiier in its mature or 
seedling condition, we pasa to parasites which are less virulent and 
whose action is more local. We have all grades of injnry done to 
the host fVom destruction of the leaves and consequent diminution 
of the assimilating power, which may entail serious or f^tal results; 
from the formation of circumscribed knots and tumors, which may 
cause destruction of the branches and, in course of years, the death 
of the plant ; from fhngi, which attack the flowers or fruit and cause 
diminished reproductivity without injury to the vegetative powers, 
down to the Insignificant distortions of scattered epidermal cells 
caused by Synchytria. But in all these cases the action of the par- 
asite is destructive. We cannot conceive that it is of the slightest 
benefit to the host. It robs the plant of the food which it needs 
for itself and gives back nothing good In return. 

We have, on the other hand, instances of parasitism in which it 
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is claimed that the relation of parasite and host is one of mutual 
benefit. To this condition the name symbiosis* has been applied. 
Xhe two most marked instances of symbiosis among plants are to 
be found in lichens and the fungns-growtb first called, by Frank, 
Jifycorhixa. 

The thaltus of lichens, you will bear in mind, is composed of two 
elements : the green cells or filaments called gonidia, and the col- 
orless threads or hyphie. Any extended discussion of tlie algo- 
fungal theory of lichens would be out of place on the present 
occasion, and it is only necessary to say that I do not see why we 
may not consider the gonidia, to be what tiiey appear to be, viz., 
algee; and the hyphee, fnngi parasitic on tlie gonidia. Certainly, 
the Opponents of the algo-fungal theory, in spite of all their at- 
tempts, have not, as yet, given satisfactory proof that the gonidia 
are produced IVom the hyph« or the hyphs from tlie gonidia. aothat 
we are forced to regard them as two distinct entities. Tlie strong 
point of the opponents of the algo-fungal theory has been that, if it 
is trae that what is called a Hchen is really a fungus parasitic on an 
alga, it is inconceivable that the alga should not be injured or even 
destroyed by the fungus. It is certainly a fact tbat the gonidia, or 
algee, are not destroyed, and it has been assumed by both the ad- 
vocates and opponents of the theory that the gonidia are not in- 
jured by the growth of the hyphie, while some even go so far as to 
say that their growth is aided thereby. To account for this state 
of things, the advocates of the theory have advanced the view 
that, in lichens, we have a sort of mutual parasitism, and the 
statement has been made that " the hyphie lie on the gonidia and 
carry to them cmde nutritive fluids in return for which they re- 
ceive a part of the assimilated material in the gonidia." But 
what good the gonidia can derive by having crude material brought 
to them by the hyphte, if they must give back a part of the assim- 
ilated material to them, is not clear since it is a well-known fact 
that the gonidia can and very often do live and flourish in a fteo 
condition and are amply able to obtain all the nourishment they 

' Tbe won] armblMd wu orUrlnilly applied to til oacea wharo dUArmiC orguilaiiii 

hgtb ■asoclaled tOKOtber In > Gommnnlty, and, la tliU fonie, included tba (rue para. 
■lte«. The iippllciitloii hHB gTBdnnll;' been madlfled nnlM, aC the prerant day, ayniblo- 
■Is Is generally ODderetood to meaa tho auoelatlon of planta with plants or plants witb 
animaU In such a way that tha ralHtlon between them la one ot mutual baneflt, or Id 
vbtcb there le at leait, no Iqjurlotis action of one or^nlam on Itaaotbor. In thte leDae, 
ai contraated wltb true paraaltlsoi, tbe word la bera oaed. 
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need witbout the help of the fayplue and, &t the same time, ctn 
Dse for their own exclusive benefit all the assimilated matoial 
On the other hand, it is known that the hyphn are dependent od 
the gonidia for their development. The advantage to the gonida 
is quite hypothetical. The advantage to the hyphe is real, and it 
is, to speak mildly, a bad caae of what the French call un taif 
pour un bceuf. 

The alleged proof that the gonidia are benefited by contact 
with the hyphee rests on laboratory cultures in which it is claimed 
that, if the germinating spores of lichens be broagfat in oontaet 
with pure gonidia, the hypbse at once gi-ow more rapidly, and the 
gonidia also begin to multiply. Bnt this increase of the gonidia 
is not necessarily a sign that the conditions of growth have 
become more favorable. When the black-knot fungus attacks s 
branch of a plum tree the parenchymatous cells increase, and a 
knot is formed and the same thing occurs when branches of red* 
cedar are attacked by Oymnoapora«glum macropus. Here, the in- 
creased growth does not indicate an increased supply of food, but 
an iri-itation caused by a noxious parasite. The increased growth 
of normal cells in the presence of irritating foreign bodies is well 
known to both animal and vegetable pathologists and is not inter- 
preted by them to mean an improved condition, but rather an at- 
tempt to get rid of something harmful. The same explanaUon 
may be given to the lichen cultures. But cultares on microscopic 
slides in the laboratory surely should not be regarded as more con- 
clusive tlian what is seen on a much lai'ger scale in nature. One 
has only t^ compare the Chroolepug — forms which constitute the go- 
nidia of Opegrapha, with the same forms when free from the byphe 
of the Opegrapha, to be convinced that they grow and fructify decid- 
edly better when free than when shut up in the lichen-thallos. 
They are neither benefited nor destroyed, but they are weakened 
and injured. The same is true of the cystococcoid or protococ- 
coid gonidia of the larger lichens which are more luxarlant when 
growing fVee on rocks and bark. It is impossible to r^ard the 
Stigonema gonidia, distorted and broken up by the hyptue, as in a 
more flourishing condition than when free. 

It seems to me that the real error of the supporters of the algo- 
f^ngal theory is not that they assume that tlie gonidia, tbe algte, 
can support themselves and the hyphn too, but that they assume 
that tliey are not injured thereby. Id their attempt to show how 
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a possible advanti^e to the gonidia might arise, they have not 
sufficiently regarded the palpably injarious action of the hyphs. 
From the facte nhich I have given it ie plain that tbey are injured 
and, if the injury is less than in most cases of parasitism — which 
may be due to the fact that the byphfe of lichens grow more slowly 
tban tb(»e of other fungi — it is nevertheless an injury, and we 
must recognize in lichene not a case of Bymbioeis or mntaal para- 
siusED, but a case of true parasitism with a minimum of injury to 
the host. In view of the facts, one can be an advocate of the 
algo-fungal theory without believing that there ie a double para- 
sitism. 

In 1885,^ Frank annoQnced the following discovory ; that cer- 
tain species of trees, especially Gupuliferee, do not regularly obtain 
their food directly fVom the soil but their roots are connected with 
tlie mycelium of a Ajngtis by whose ^ency all the nourishment it 
transferred fVom the soil to the tree. He called this condition 
Mycorhixa and described the fUngus as intimately united with the 
inner cortex of the roots just back of the tips and forming a felU 
like cap over the tips. He maintained that this union of myceliam 
and roots was of constant occurrence in tbe Ottpviiferte which he 
had examined, oaks, beeches, chestnuts, hazel-nuts and hornbeams, 
and more or less conetant in Saiicacece and Coni/er<B. At a later 
date^ he went further and stated that the Myoorhixa is a symbiotio 
condition which may perhaps be found in all trees under certain 
conditions ; that it is found only where the soil consists of humns 
or andecomposed plant remains ; that the fhngns of the Mycorhiza 
conveys to the tree not only the necessary water and the mineral 
conatitnents of the soil but, also, the oi^anic material derived 
directly from tbe humus and decomposing vegetable matter ; 
and that it ia through the agency of the fungus alone that the 
tree obtains its food from the soil. If one could accept with- 
OQt reserve, the conclnsiona of Frank, we have in Slyaarhixa a 
clear case of symbiosis in which a fungus which livea as a sapro- 
phyte on vegetable moatd ie intimately united with the tissues of 
Fhsenogams on which it acta, not as a parasite but as a conveyer 
of nourishment. Unfortunately, the statements of Frank are, 
to a great extent, not confirmed by other competent observers. 
B. Hartig has shown* that the Mycorhixa condition is not at all 
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necessary to the uonriBhment of trees ereo in Cvpulifene, since be 
finds tli&t, in many oases, roots of healthy trees ai'e quite free fVom 
Mycorliiza and, even in treee whei-e there is a marked Mgeorhaa 
of some roots, there are others quite free from it. He regards 
Mycorhixa not as a case of symbiosis comparable to that of licbens, 
as does Frank, but rather a case of proper parasitism, and Kam- 
ienaki^ states that, in the cases of Mycorhiza of trees which he baa 
examined, he has always found evidences of injuiy done to the 
roots by the fVingus which he also regards as a parasite of a destruc- 
tive nature. F. £. Mueller, to a certain extent, endorses Frank's 
views, as far as the Mycorhixa of beeches Is concerned. 

We are, on the whole, warranted in believing that the Xycorhiza 
oondilion is rather a condition of proper par&sitiam than of sym- 
biosis in the case of trees. We stilt have the case of Monotrvpa 
ffypopUys, a small ericaceous parasite, in which Kamienski showe<l, 
Bs early as 1681, that the roots are surrounded by a mycelinm 
which, however, does not penetrate into the substance of the i-oola, 
as in the Xycorhiza of Frank. He considered that the fungus, in 
this case, was the medium of transfer of nourishment to the Mono- 
tropa and did not agree with the then prevailing view that Jfon- 
olropa itself was directly parasitic on the I'oota of other plants. 
We may safely consider that there is a symbiosis in Monotropa 
ffypopitya and further investigation may show a similar condition 
in some other closely related phsenogamous plants which are des- 
titute of chlorophyll, but here the case is very different from that 
of Uie large trees, abundantly provided with assimilating organs 
of their own in which, if there is symbiosis at all, it certainly 
does not exist on the wholesale scale which Frank claims. 

With regard to the symbiosis of plants and animals I will say 
bat a word, for thesubject is one which pertains to the domain of 
the zofilogist rather than to that of the botanist. The inherent 
objections against the probability that plants and animals should 
live in a state of symbiosis are less than in the case of symbiosis 
in the vegetable kingdom ; because, in the former case, the plants in 
qnestion belong not to the group of fungi but are algse possessing 
chlorophyll, or a modified form of chloropliyll. The symbiotic 
alga could support itself; the animal, on the other hand, could 
support itself and, bearing in mind the different products of as- 

• Bob Cenlnlbl^, XZX, i. 
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similation and respiration in plants and animale, one could easily 
conceive that beneBt might arise (torn the combination of the two. 
Whether the combination realty exists in many cases is not yet 
certain, because it too frequently happens that zoSlogiats do not 
agree as to whether the assumed alga is really an alga or a proper 
organ of the animal itself. It becomes a question of authority and 
a botanist is not in a condition to estimate the comparative merits 
of observations made by zoSlogiats. As far as I am at liberty to 
form any opinion at all, I should say that zoolc^ists were inclined 
to accept, at least, a mechanical symbiosis of unicelUilar-algee and 
animals in a considerable number of instances. Whether the sym- 
biosis is physiological, as well as mechanical, is a point on which 
naore tight is apparently needed. 

The symbiosis of plants and animals is, perhaps, better to be 
compared with that of Soitoca with Sepaticce and AzoUa than wilh 
the condition which exists in lichens. Some of the recorded cases 
show clearly a mechanical symbiosis even if others be regarded aa 
merely accidental and temporary unions of different oi^anisms. 
Whether the symbiosis here is piiysiologically of advantage to the 
nutrition of both organisms is doubtful. The Nostoes are certainly 
not injured and they may derive benefit from the shelter afforded. 
It will not do to go too far in this direction, however, because we 
should at length be forced to speak of symbiosis in cases where 
Nostoes grow in crevices of rocks, which would be absurd. 

I have dwelt somewhat at length on the subject of symbiosis 
because, as it seeras to me, botanists have gone too far in assum- 
ing a beneficial action of the parasite on tlie host in many cases 
where not only no direct benefit can be proved to exist but where 
a closer examination shows that an injury is really done, although 
it may be slight. In short, symbiosis as distinct from true de- 
structive parasitism is not the comparatively common condition 
in the vegetable kingdom which it is generally supposed to be by 
those whose opinion is worth considering, for we need not regard 
those writers who, seeing in symbiosis a charming instance of do- 
mestic felicity and concord witii which they can point a moral and 
adorn a tale, have given to the public essays whose only proper 
place is on the shelves of a Sunday School library. Accepting the 
existence of symbiosis where both members are cblorophylUbear- 
ing plants, we must still believe tliat, with rare exceptions, the 
cases where one member is a fungus should be referred rather to 
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the class of true paraaitea in which the advantage is altogether oi 
one side. 

If we tnm now to the question of the origin of vegetable pin- 
tites we And onrselves in a dilemma. Certainly, the parasites conid 
not have originated before the plants and animals on whose remuni 
or in whose tissues they live. On the other hand, accepting tlie 
law of evoluUoQ, that the more complex forms are deveio[>ed later 
than the simpler forms, the parasitee mnst have preceded the fonns 
on which they prey. The paradox ia, however, more in words Uian 
in reality. We can only suppose that our present parasites have 
existed from early times but were not always parasites. The qaes- 
tion might arise here, What do we mean by higlier and lower 
forms? The terms are elastic and one sometimes snspecis that 
they liAve been stretched and twisted to suit the necessities of in- 
dividual writers. It is not quite plain, for instance, why we shonid 
say that the giant kelp of the FaciQc, Macroet/stis pyrifera, with 
its branching stems several liundi'ed feet long famished with in- 
numerable leaves and air-bladders, is less highly organized than 
the small frondose hepatics, like Ricda, or such mosses as I^aacvn. 
There is one point on nbieh all botanists would probably agree in 
speaking of high or low organizations, vis. ; that complications of 
the reproductive apparatus indicate a high organization, however 
simple thevegetative organs may be, and that, as we advance higher 
in the scale, we find more and more numerous embryonic condi- 
tions which represent (Vee conditions of less highly organized plants. 

Throwing out of consideration the pbffinogamous parasites for 
the reasons previously given, there is no doubt that the immense 
majority of vegetable parasites belong low down in the scale of de- 
velopment and we can infer from tlie simplicity of their reproduc- 
tion that they originated at an early period. Other things also point 
In the same direction. In the class of fungi, although the sexual 
reproduction is of low grade, it embraces a number of differeat 
types and, as far as non-sexual modesof propagation are concerned, 
although it may be said that they only indicate an efibrt on the 
part of the plants to adapt themselves to peculiar conditions, fungi 
are far better provided than any other plants. We are, perhaps, 
at liberty to suppose a remote origin from the large number of 
species of fttngi now in existence and, in this connection, a feir 
statistics may prove of interest. The question is frequently asked 
nhether the species of tbngi are more numerous than those ot 
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FhffiDogams. It la safe to suppose that they are, although it is 
not true tfattt more species of fungi have already been described. 
The systematic study of fungi in Europe and North America is of 
so muchmorerecentdate than the study of the Phnnc^ams of those 
two continents, white the flingi of a large share of the eailh have 
scarcely been studied at all, that a comparison of the described 
BpecicB of the two classes fails to give a coiTect estimate of the real 
numbers. 

The reason for supposing that the species of fangi are more nu- 
merous than those of Phsenogams is founded on the fact that, in 
countries whose fungal flora has been most thoroughly studied, 
we find few species of Phfenogams which are not already known 
to be attacked by some special parasite white the majority of spe* 
cies serve as hosts for a considerable utimber of species of fungi, 
A few figures will show this point clearly. In liis treatise on the 
fungi which attack the species of VitU, published in 1679, Pirotta 
enumerates one hundred and four species of parasites. Between ten 
and twenty of these are fungi not found on Vitis alone but this 
number is more than counterbalanced by species peculiar to VUin 
which have been desci-ibed since 1879. It may be objected that 
some of the forma called species by Pirotta are probably merely 
stages of some of the other species enumerated. Admitting that 
this is possible and even probable, if we deduct half, or even two- 
thirds which is liberal to tlie last degree, we still have thirty to 
fifty species of fnngi at the lowest estimate, which are peculiar to 
six species of VUia, the number of species of the genus included 
in Fii'otta's observations. I have little doubL that the real Dum- 
ber of species of fungi peculiar to the genus Vitis is much larger 
than the estimate I have just given. If the relative number of 
species known to occur on VUia is greater than that of those known 
most on olher genera it is due rather to the fact that, from their im- 
portance in horticulture, they have been more carefully studied 
than because other genera are less frequented by special fungi. 

The province of Venetia is probably no richer in fungi than other 
parts of the world but, as it is of small size and is the residence 
of a considerable number of mycologists, its flora has been more 
thoroughly studied than that of this country and we can obtain a 
more accurate view if we examine statistics of the Venetian flora. 
Cuboni and Mancini enumerate sixty-five species of fiingi which 
occur on the chestnut and over three hundred species on Quernta, 
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iDcInding three native apectea of that genna. ir we dedact a lai^ 
number for specica irhich are not found exclusively on theae two 
genera or which are merel; secondary forma of otiier species, we 
still have a considerable number of fungi to a small number of 
Ph«n(^m8. Turning to the American Bora, we And that the spe- 
cies of a genua aa erratic aa Sarracenia are not without their proper 
paraaites, for on four speciea of Sarracenia we already know four 
Bpecieaofflingi, three of which are peculiar to the genus. The list 
of fungi which grow on oaks in the United States iocludes between 
five hundred and six hundred species. The greater part however 
are not peculiar to oaks and, aa the synonymy of the species is 
much confused, the exact nuraiwr of fbugi known on all our oaks 
cannot be given exactly. On Quereus aiba Bfty-aeven and on Q. 
tinctoria forty-six species are reported, alxiut a quarter or possi- 
bly a third of which are probably peculiar to thoae speciea. 

We can start with the postulate that vegetable parasites most 
have originated at an early epoch and must have been derived 
ft-om non-paraaitic forms. What forms? Hei-e we enter upon 
the field of pure speculation. It can hardly be auppoaed that we 
shall ever know what was the earliest form of life. It may have 
been some protoplasmic structure which was neither strictly v^;e- 
table nor animal. Probably the earliest forms of undoubted plants 
were unicellular forms like Protococcua. The term Pi-otocooctu, aa 
used at the preaent day, includoa aome forma which are claimed by 
zofilogiats ; whether rightly or wrongly is a question which need 
not concern ua for aome Proloeocci are certainly planta. The Pro- 
tococci are simple green cells which multiply by division into twOt 
and BO on, and whiclii at times, also produce in their interior zo5- 
aporea which eacape and form new individuala. 

How other chlorophyll- bearing plants might have arisen from 
Protococciwe cannot stop to consider, and we can only touch upon 
the posaible origin of the coloriesa parasites. A vegetation, con- 
aiating of aimple forms like Ptotococci, once eatabliahed, there la 
no reaaon why there miglit not quickly have followed parasites of 
the order GtiytridicuxtB, the species of which abound at the present 
day in botli salt and fVesh water. The simple forms of the order 
conaiat of colorleas cella which produce in their interior colorleas 
zoSaporea, which escape and attach themselves to submei^ed 
plants and animals. 

The step from ProtocooMt to Chytridiv/m la slight. We have 
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only to anppoBe that a Protococcus baa acquired the pover of at- 
tachiDg itself to other Protoeocci or to low animals and has grad- 
nall; lost the chlorophyll which is no longer of service to a plant 
in a poaitioD to absoi'b nourishment directly tiom living organ- 
iems. Other natnral changes would be the development of proo- 
esaea for attaching the Chytridium to the boat or for enabling it to 
peuetrate the walls of the boat so that the parasite could make its 
way into the interior. In abort, it is probable that, at a very early 
epoch, true parasitea existed esaentially like onr present Cliytridia. 
If the flrat planta were marine, it ia altogether likely that the Srat 
parasites were Chytridia, if we can Judge by present conditions. 
Id the present age comparatively few apecies of fungi grow in 
salt water. The fow that we bare belong principally to the Chy- 
tridiacecB and are abundant enough on the marine algte of all 
groups. Most of the other marine fiingi are forms like Leptothrix 
which may rather be regarded aa degenerate forms of NoHocb or 
Schitopkyeeas than aa forms derived from anything like Protococ- 
eua or da/tridium. It is certainly true that tbere are very few 
species of fungi higher than Chytridium or Leptcthrix, if one can 
call LeptiHhrix & fungus, found on strictly marine plants. Tbere 
are a few, however, and on the New England coast the stipes of 
the digitate Laminarice, while yet submerged, are attacked by a 
species of Sphcerella belonging bo the Pyrenomyceteg. 

Wiiether the tilamentous and higher forms of parasites have 
been derived from the simple Cliytridia is not easy to surmise. 
Among existing Cltytridiocem we have a series of genera lu some of 
which there are simple rhizotds, and in others, like Cladochytriwn, 
a well- developed mycelium. Furthermore, the species of, at least, 
three CladocJiylna have lost the aquatic h&bit and live in the tis- 
sues of Iris, Menyanlhea and Satiicula. In Polypfiagus, Howakow- 
flki has also observed a conjugation of the mycelium of two indi- 
viduals. Admitting the fugitive character of the mycelium of 
CkytridiacetB, there is still no reason why the filamentous fungi 
might not have developed from species of this order. The zod- 
spore-bearing cells, as the parasite lost its aquatic habit and be- 
came aerial, might naturally be transformed into sporangia with 
non-motile spores, like those of Xvcor, and, as it acquired the 
power of growing in solid tissues, one of the conjugating cells 
would advantageously be developed into a poUtnodium, and we 
should then find oSsporic forms. But it is hardly worth while con- 
tinuing the chain of possibilities fbrther in this direction^ 
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As I have said, it seems to me Dot unreasonable to snppose that 
tnie parasites ma; bave originated at a very remote period prima- 
rily from non-parasitic plaots. But we must also consider an- 
other question. la it not more probable that aapropbytes were 
first developed and n^m them arose the true parasites? The line 
between saprophytes and true parasites is not well defined among 
existing plants. Some species might, with sufficiently good rea- 
son, be placed in either class, for what are called by Van Tieghera 
facultative parasites may live ordinarily aa saprophytes and yet 
at times live a truly parasitic existence. The great majority or 
fiingi are saprophytes, and De Bary lias shown' in au instructive 
way how Pexiza aclerotiomm, during a part of its existence, is a 
saprophyte and becomes later a true parasite. The germinating 
spores will not penetrate the living cells of the carrot on wbidi 
the mature forms of the fungus is found, but live a saprophytic 
existence for some time. Afler they have attained a certain 
growth and strength they are then able to make their way into tbe 
carrot which they destroy. The mechanism is as follows : after 
a certain time the saprophytic hyphse excrete an oxalate which is 
able to destroy the superficial cells of the carrot with which the 
hyphee may come in contact, and the fungus then makes its way 
into the plant. It is probable that a considerable nnmber of 
saprophytes may act in tlie same way as Pezixa s(ieroliorwm,tLxA it 
is not impossible that a good many existing saprophytes are devel- 
oping into parasites, aud, if the present state of things correctly 
represent what has always been going on, it would lead us to be- 
lieve that the saprophytes first came into existence and the para- 
sites followed. Since actual knowledge is out of the question, 
one can take either theory without denying the other in toto. The 
probabilities seem to me to favor the origin of Chylridia from 
Protococci, if we regard ihe morphological rather than the phyid- 
ological side of the question. How far the first Chytridia were 
true parasites rather than saprophytes may be questioned. De- 
cidedly the majority of the living species, I should say, are para- 
sites, bnt in some tlie parasitism is not well-marked, and they may 
be conveniently called epiphytic. 

Still another possibility must be considered. May we not suppose 
that tbe first living beings were protoplasmic bodies, neither plants 
nor animals, or both, if you please, and from them parasitic uid 
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non-parasitic plants were simultaneoasly developed? Orders like 
Mt/xomycOes might perhaps lead us to suppose tliat this view vas 
the true one. But it may be asBuming too much to suppoae tbat 
Myxomycetea are plants at all. If they are plants, they have re- 
mained in a low condition and have no offshoots represented by 
higher forms of plants. There appears to be only one way to find 
out whether a given structure is a plant or an' animal, and that ia 
to Bee whether it is described in zoological or botanical manuals. 
Unfortunately, this does not help ub in the case of the Myxomyee- 
tes. We can safely say, however, that the more highly developed 
parasites have not been developed fi-om Myxomycetes, and there is 
very little to lead us to believe that parasitic and non-parasitic 
plants were simultaneously developed from primitive protoplasmic 
structures. 

It lias already been stated that pheeoogamic parasites should be 
regarded as degenerate forms of other PhEenogams. Ttieir line of 
development is not through the parasites of the class of fungi. If 
one ia willing to believe that the first parasites were Cliytridiacece, 
OF something very much like them, from which it is possible some 
of the filamentous zygosporic and otispoiic fungi have been grad- 
ually developed, he is not, however, forced to believe tliat such a 
course of development ia probable aa well as possible. The class of 
fangi is not a homogeneous one. It is rather an assemblage of forms 
which have certain common physiological resemblances but marked 
morphological differences. When one regai'ds fungi as a single 
class of plants and attempts to trace a clear connecLion between the 
highest and lowest memtwra he finds numerous gaps which cannot 
well be filled. A general parallelism, however, exists between 
chlorophyll-bearing algte and fungi, and one is forced to aslc whether 
the order of development has not tieen from the lowest to the highest 
algse — the class of algte being more homogeneous than that of fungi 
— and whether the fungi have not arisen notfW>manyone primitive 
group of algffi but from diObrent groups of algee at different perioda 
in the progress from below upward. 

This view seems to be more in accord with existing facts than 
any other and brings phfenogamic parasites into harmony with the 
rest. If the pheenogamlo parasites may be regarded as derived 
directly from other Phcenogama, so Chytridiacea may be supposed 
to be derived from Protococcacece. It may be that some of the 
zygoaporic and ooaporic fungi have come fh>m the ultimate devel- 
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Opment of Cliytridiacea but it is more nataral to enppose that tbe 
greater part of them are direct derivativm of zygOBporic and o6^x)- 
Tic algie. Special applications of this theory would lead to m 
many technical details, that they most be omitted on the present 
occasion. In general, if the theory is accepted, we should expect 
that the fungi first derived fiom any group of algie would exhibit 
the characteristic modes of reproduction. In the sexual repro- 
duction both groups are much alike and, if there are fungi at tbe 
present day whose reproduction ia different from that of any algK, 
it is because tbe reproduction has assumed more and more a non- 
sexual character until, as in some groups of what are called highn 
fungi, sexuality has quite disappeared, as is supposed to be the 
case in Baaidiomycetes, It is sometimes said that non-sexual 
modes of reproduction always precede the sexual. This is true 
only to a certain extent. It may be true, for instance that, in the 
earliest forms which had zoospores, the zoospores were at first non- 
sexual and afterwards acquired the power of conjugating. But in 
fungi, where we have more non-sexual forms of repi'odnction thao 
anywhere else, they must, in most cases, be regarded as secondary 
and degraded, nut primary forms. 

Fungi are plants which depart more and more from what we may 
call typical plants. When we speak of higher plants we mean 
those in which tbe organs of assimilation and sexual reproduction 
exhibit a high degree of differentiation. When we speak of higher 
fungi, however, we refer to foi-ms in which the vegetative organs 
are represented merely by a system of colorless threads and in 
which the sexual reproduction is seldom well marked, if it exists 
at all, and they can be called high only in the sense that their 
numerona and often complicated modes of non-sexual reproduc- 
tion are better developed than in what are called the lower fungi. 
In the simple for existence among the higher plants those succeed 
best which are best able to assimilate crude material in the grow- 
ing season and have the lai^est provision of seeds and reservoirs 
of assimilated food to carry them over the season of rest. In Uie 
struggle for existence among fungi, although there is an advan- 
tage if the mycelium is able to assnme an indurated condition, 
like the sclerotia, at seasons unfavorable for growth, it ia of much 
'greater importance that there should be a variety of reproductive 
bodies some of which, at least, are light and easily transported 
while others are denser and better able to endnre extremes of tem- 
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perstnre and moisture so tbat the fungus may be able to take act- 
vantage of any chance which may arise should the proper host be 
present. How well they are able to take advantage of temporary 
favorable conditions is shown in the rapid spread of epidemic dis- 
eases caused by fungi. 

But it is better not to pursue the subject further. What I have 
already said will, I fear, appear to yoa too vi^e and uncertain, for 
the balancing of possibilities, although pardonable in philosophy, 
should not be carried too far in natural science. Of course no cele- 
bration of OQr national anniversary is complete without a balloon 
ascension, and the more gas the better, provided the aeronaut, or as 
the pafMi's generally call him, the professor, only lands safely. So 
our Society sends up its annual balloons in the shape of addresses 
in which the professors are allowed to soar above, though not out 
of sight of facts. But they must not remain too long up In the 
air and the gas for their balloons should be generated in the lab- 
oratory of experience and study. In their every-day work, it 
seems to me that the attitude of botanists, at the present day, is 
the correct one. Following the pi-evaiiing tendency in business 
aSairs the question they ask of plants is not so much, '* Who is 
your father and where did you come from?" as " What can you 
do?" 
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KttMAKKa OK ci.AB8inCATioM> By Fror. ficrnr Q. Wild^, Ithaca, N. T. 

[ABarBAOI*). 

Thb accoinpaoylng arnuigeiii«iit of the HetazOA op to the mammatlK Is 
partial and mostly provbioiuL It la whallj' dichotomoas. AH the divi- 
sions are baaed npoD the coudltlooa or the cavltj of the central nerroua 
system. The names are largel; correlated and refer to characters which 
are constant and pecallar.' 

Two-fold dlvlHlons are not uucoidihod bat, so bras known to the writer, 
dlchotomj baa Dot been dlBttoctly recognized as a rtiadamental principle 
la natural classlS cation. Poljchotomy la probably always provisional and 
not wholly nataraL 

The anperlor laxonorolc Talae of the brain and heart was Insisted upon 
by the writer In 1976;' more recentlybe has been impressed with the pro- 
foQDd morphological slgnlBcance of the neuroeale or cavity of the central 
nerroDS system. ThIa cavity persists In all ordinary vertebrates and In 
Brancblostoma and exists In the early stages of Tunlc.atea. It baa not 
been observed in ooy other '* Invertebrates " excepting, perhnpa, Sdlano- 
glottut (BatesoD). The "Invertebrates," then, are SUreoneura, wbllethe 
former are Catoatura, this being equivalent to Chordata. 

The writer cares less for the adoption of CeUontura and SUreontura 
than for the admission that soft parts are not only physiologically but 
morphologically more slgnlflcant than hard ; that the neuron (cerebro-spl- 
nal axis) Is more Important than the axon (slieletal axis) ; and that the 
cavity of the one la a more substantial basis for the primary sabdivlslon 
of the Hetozoa than is the entire mass of tbe other. 

Perhaps the first division, however, should be Into those In which dis- 
tinct nervous centres have been found (Neorlca) and those In which tbey 
have not (Auenrlca). 

If the name VerUbrata Is retained, tbere should be an understanding as 
to whether It shall excLnde Branchlosloma or Inolnde It, or Inclnde the 
Toulcates as welL 



<Tb< paper liu been peliliihed In the Amnloao Natarallit, Oolober, ISST, pp. SU- 
91T. 

'Oa this point >es thg iriiter'a '■ EdooaUonal Uateumi of Tertebratei," Amer, 
Assoc. Proc., ISSt, p. STS. 

■IliebialniofOaaolds; Amer.AMoe.Pioe., U7I,p. ISS, 

t!51) 
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Among tha Meganllca the Oknolds and Teleoats consUinte "flabet'i 
Pisces. Id th« fbrmer, the oKactorj ventrlcleH are considerable; ti it 
latter absent or iDnignlflcaut. 

The Ides of dividing tho Hetazoa according to the preaeoce or abMtci 
of the Dearoccele was flrat recorded by the writer on November 27, Ir& 
the vrordn Stereonenra and Caloneura are dated April 3, 1885; F. JeK? 
Bell's commentary on the cavlt; of the cerebro- spinal axis of Cbordi'.i 
was first seen Marcb 18, 188S ; In JanuBrj of that year, la lectures lo st> 
dents and In a letter to Prof. J. B. Comatock, a general scheme ofdictiov 
omoDs classification was presented In substantlalty the form here glTeo. 

fanrnptiaa = rapl1]ei-(-blrdi; mei- UtaumaUa, raeaocoBla tnbntar; nmoeaiua 
oecsle lateral]; exUndedi root blla- nnf quadrllobau. 

"''■ \| 

Amaiilota s braaehiaM i= Amphibia Jmnlola = mimtiahtttK; ■nlle Soar appnn- 
4- Dipnoi; nulla floor ap|irosliii*tel7 ImaUlj rertloal; BaptUci, Btrda, Manmalfc 

horlEonUl. 

VcgauHea [lula largBjicerebralbem- \| 

lBiihere» extended Don ion tally, or iOcrauUea (anla •mall); oerabml beni?- 

nndlfferentliKed; =Ichlliyoi.»lda — pharos extended Tettlultr,- AmphiUa. Dip- 

Amiihlbla, Dipnoi lad Branchlo- ■■<>'• BepUlM, Biidi a&d M a mmal A 

JfoaoeoJIa (enoeplmlacfBle ilnglc; ^M 
MuroB epaxnl only) =ceph«locbor- /W)«!»Ho = oranbtta = paobroar^a = and- 
dfl - acraoU = leptooardla s mon- Ulocularla ; cenron partly preaxaL 

olcrcalarla. Brancfaiostoma. Xj 

Cruptotaiia (neurocffila trantllory) naioeaUa (neoroecale pertlateat] = M(B- 
= Uroeliorda =TuqI> iner«i=BraBchioitoma + otlierTenobralt». 

\! 



Bttrtoutura (ner 



Cidontiira (hollow nenran = Cbordata (-h 



irprewnt^KmaU "InrertebraLea." " ropnena ). 



EviDRNCK coNFiBMATORT or Mastodon obscurub Leidt, as ait Ajim- 
cus BPBctKs. By R. P. Whitfield, New York, N. T. 
Is 18G3 Dr. J. Warren flgnred and described a liastodoo tooth sapposed 
to be from Maryland, considering It as a new epecles hot calling tt pro- 
Ttslonally 31. angasiidens, fearing It ralght be European. Eabseqneut erl- 
tdence, however, showed it to be froni Miocene beda near Greensboro, 
Caroline Co., Md. Later Dr. Leldy described hia M. obtamt (Ext. Mam- 
malia N. Am., p. 896) from a molar tooth In the collection of the Acad. 
N. S. Flitl.,andacaatoflhat used by Dr. Warren, the " Baltimore tooth." 
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This species Jf.obMvnM has been qnestloned owing to the tmcerttdo^ of 
tb« msterlEil used, none of them having known localities. In 1884 (Am. 
NatnrallBt, p. 526) Professor Cope aayB It " rests od a loner molar of aa- 
certaln orlgia"aud that "Its relations have jet to be determlDed." 

Among Haetodon remains Id the Am. Has. Nat. BisLorj, I nod two 
sixth molar teeth corresponding to the " Baltimore tooth " of Dr. War- 
reo, and to Dr. Leldy's M. obseurus. They are from the collecCloD of Dr. 
£*. S. Holmes and were dredged from the rlrers near Charleston, S. C, 
one of them bearing on Lis surface evidences of thta In the nambera of 
Salanl parasitic npon It. 

The largiT tooth measaresTi Inches In length, and Is aslztb molar from 
tb« rlgbt side of the lower Jaw. The cnsps are bat little worn, showing 
but little Qse. Its onUlne is rounded at each end, and somewhat wider 
behind the middle tlian Id front. It bears four transverse ridges and a 
posterior spur ; the latter uniting with the fourth rl<Ige so as to form an 
imperfect circle, hollow in the middle. The three anterior ridges are each 
composed of four prominent nipple-shaped tnberclesor cusps. Imperfectly 
separated by vertical channels ; while the ridges are separated by deep, 
xatber wide valleys, interrupted along the median line bysmallerand lower 
tabercles Jotting ont from the principal ridges, and would in wearing down 
present the clover-leaf or cniclfbrm pattern characteristic of the worn 
tooth of the M. longiroitrU group. There la present also a strong cingo- 
Inm, or basal baod, which ia strongly crenntated ou the Inner side of tho 
tooth, but nearly obsolete on the outside. The basal margin of the tooth 
is strongly lobed at the ridges, and the snrbce of the tubercles beautU* 
rally marked with flue longitudinal wrinkled ilaee, which have extended 
over mnch of the surface. The roots or fangs are constricted below Che 
cinguluin, and are bent backward obliquely from the plane of the crown. 
The enamel ts thick and much blackened, as are most of the remains 
dredged from the Ashley and Cooper rivers. 

The second tooth is mocfa smaller and mnch worn. 
These teeth, as also those nsed by Dr. Leldy, and Dr. Warren's "Balti- 
more tooth" closely resemble those of M. longlroUrU, more than those of 
M. augtattdtTu, to which species Dr. Warren referred It. 

From the location ^vm which these specimens must have come It would 
appear doubtful if they can with safety be referred to any defliiice geolog< 
leal horizon, as material from beds of different ages, Eocene, Miocene 
and Postpllocene are fonnd associated in the dredglnjis. But Dr. Em- 
mens in his report on the North Carolina Geological Survey, 1868, page 
199, flgares a three-rldged tooth of this species, obtained from beds of 
Miocene age, and the locality of Dr. Warren's specimen Is now known to 
be Miocene ; so we may safely consider it as pertaining to on older geo- 
logical epoch than M. giganteut. 

NOTB.— Since reading the abova paper ttis anthor has exunlnad a Inrge oollectlon at 
teath from dredgliigii near CtiBrlenCon, 8. C, most of whloh pertain to thii ipaoles, ba( 
PTMentlsg (eaturat ■tmllor to botb H. angattidau ud M. loitgtivttrit. 
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Thi PiMBiL KT8 IN xxTivuTT Vkrtcbrata. By Frof. E. D. CoPB, FhU>- 
delphia. Fa. 

The ftrftmlna In the upper sarface of tbe bead In Botbriolepla and Hjc 
teropa wera described. 

Tbeaaine, with the cast of the brain cose of the DUideettM pAoasoIfMf 
vaa described. 

The cast of the bratn case of Belodon Auceroa was described. 



Tbe nbchjinical orioin of thb bbctoiuu. tebth of thk Carnitobi. 
By Prof. E. D, Copb, Philadelphia, Pa. 

I. Origin of the IrUubtrcular molar. 
That prlmltlTe mammalia had simply conical teeth throaghout' fe Indi- 
cated bj their repUllan origin. The number of teeth In some of tbe Jo- 
rasslc genera, premolara fonr, molars eight, la In ezcesa of that typical 
of Mammalia, approaching in thia respect, also, the Reptllla. Teeth wltb 
simple crowns alternate in each Jaw with those of the opposite one. Tbe 
flrat step in complication has been the addition of a basal cnsp at each bee, 
one anterior, the other posterior.' This stage Is seen In the genns Tri- 
%onodon, Owen. These cusplets Bll up the spaces between the tbetb, and 
thus produce a certain amount of Interference between those of oppoal" 
Jaws. As the lower Jaw closes wltbin tbe upper, a wedging moTement be- 
tween parts of the teeth which opposeeach other takes place. It results Uia> 
the cuapletK, being opposite to each other, experience a greater lateral 
pressure than tbe large central cusps. The effbct of the collision be- 
tween the CDsplets would be to emphasize the relation still more ; that Is, 
the cusplets of the upper jaw wonid be wedged ontward, while those of 
tbe lower Jaw wonid be pressed Inward, tbe major cusps retaining at dist 
their original position. Bnt with Increase of the siie of the teeth wllh 
ell tbe cusps, the mqjor cusps would soon aasDma in each Javr a poaHioo 
more or less transferse to that of the cnsplet in both jawa, producing, as a 
result of the crowding, crowns with trlangalar section, 

2. Modffieaciont of thi trilubercuiar molar. 
The first modification of tbe trltubercnlar lower molar of the lower 
Jaw Is the addition of a low clngutnm at the posterior base. This 1b 
seen in a rudimentary condition in rartons living epeclea of the Centetl- 
ds and Chrysochlorldldie of the Insectivorous order; but In these eilit- 
iDg forms the superior molar has added a posterior clngulam also, wblch 

1 On the Homologies of the Molar Teetb [n the Uammslli EducHbllia, Journal Acad' 
emy, PhlKidetpbla, \«ll. 

• AmerloaD NKaroliet, ISW, p. UO. 
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videns Internally or towards the paUM. In the evolatlon of the denti- 
tion, the tnrerlor posterior elnffalam or " heel" was dercloped first u In 
tha i^enera DeltBtherlnni, Dldelpbodas and Stypolophns, where It li quite 
lai^e, ivhile the anperlor clngalum Is wanting In Stypolophua and Dldel- 
phodas, but Is present In a rery nidtmentary condUlon tn DeE{a(ft«rfum 
J'undamint*. In all of these genera the external casps gf tha superior se- 
rtes hftvB been pressed inwards, and mare or less together, and are, there- 
fore, removed In this respect from the primitive condition. The more 
primitive state of the superior cnsps is seen tn some species of MIoclnniiB 
wbere, however, the posterior elngulnm Is developed. The primitive 
type of trltabercDlar snperior molar Is that of Sarcothraastcs, aud In the 
same genus the Inftrlor molar only differs from the primitive type In hav- 
ing & well -developed heel. Among recent mammata the camlvoroua and in- 
sectWoi-ons marsupials generally have the trltnbercnlar lower molar wUt 
heela. In the Chlroptera and many Insectlvora the heel Is largely devel- 
oped and supports two cusps, as It does in some Creodonta. 

From this point the evolation ot the trltnbercalar molar must be con- 
sidered team two standpoints. The first Is tbe mechanical canse of the 
changes In Its form, and the second Is the mechanical cause of Its definite 
location In a particular part of the Jaw. For It Is now well known that 
tn the evolution of the sectorial dentition of the Camlvom, the number of 
molars and premolars has considerably dlmlnlahed. 

In tbe trltabercDlar dentition the crowus proper of one Jaw alternate 
with those of the other, while the heels In either Jaw will oppose such 
part of the crown of the teeth In tbe opposite Jaw as corae In contact 
with them when tn ase. The development of the heel In the Inferior mo- 
lars prodnced a type which la known as the tubercnlo-sectorlal. This 
type characterizes the Creodonta or Eocene llesh-eaters. Three such 
teeth existed in most members of that sub-order. 

The anccesslve modifications of form which have resulted In the exist- 
ing specialized single sectorial tooth of the Felldte have been already 
pointed out.* They were shown to consist In the gradnal obliteration of 
the Internal and posterior tubercles and the enlargement of the external 
and anterior tnberclea of the primitive triangle, together with the extinc- 
tion of theheeL The modification In the character of tbe dcncltion, taken 
OS a whole, was shown to consist In the redaction In the number of the 
teeth. Including tbe sectorials, until In Fells, etc., we have almost the en- 
tire fDnctloD of the molar series coofined to a single large sectorial In 
each Jaw. 

The genesis of the sectorial tooth Is explained, as follows : In couseqaence 
of the fact that the lower canine tooth shnts anterior to the saperlor ca- 
nine, the reealt ot the enlargement of the diameters of those teeth will 
be to canse tbe crowns of the inferior teeth to be drawn from behind for- 
wards against those of the superior teeth at the moment of closing the 
Jaw. Thos, a shearing motion has resulted between the anterior external 

■ Aroerloan NntnraUM, Hareh, in>. 
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edge of tlie lower triangle and the posterior Intemel edge of the aaperior 
trlaugle. Now, the true sectorial te«th conslet In the euongous extension 
of theso same edges. In a fore tuid aft direction, tlie Inferior ahatting In- 
Bide of the superior. To accouLt for the development of these blules, we 
must underataQd that Ibe obllijne presaare of thu front edge of the lower 
molar tooth on the hind edge of the superior molar tooth has beeo con- 
tlaoed for a very long time. We mimt then observe that the Intenwl tu- 
bercle of the superior triangle has been pushed contluuallj forwarda and 
been reduced to a very small sice. Why should Uils'occur? WhjBbonld 
not the corresponding tubercles of the Inner side of the lower crown have 
been pushed bacbward, since action and reaction are eqasL The reason 
Is clear : the superior tubercle Is supported by but one root, while the re- 
sistant parlloa of the inferior crown Is supported b; two, thns offering 
twice the resistance to the pressure that the superior does. Bnt why 
should the anterior part of the Inferior tooth move forward, even If it be 
In the direction of least resistance? Tills Is due to the regular Increase 
in size of the teeth themseWes, an increase which can be traced ttom the 
beginning to the eod or the genealogical series, and this Increase Is the 
usual result of nae. 

The excess of the forward pressure of the Inferior teeth against the sn- 
perior, over any backward pressure, has left the posterior internal cusp of 
the triangle of the Inferior molar without contact or consequent fanc- 
tlonai use. It has consequently gradually disappeared, hnving becomesmall 
in the highest Gaaldie, wanting In some Mustelldn and all Felldte. The 
heel of the same tooth has bad a similar history. Wlih the diminution in 
size of the first superior tnbercular, with which It comes Id opposition in 
mastication, Ita functional etlmuloa also diminished and disappeared, 
sometimes a little sooner (Felldn), and sometimes a Utile later (HjkdI- 
d») than that tooth. 

8. Loealioti of (A« ttttofial toolh. 

The specialisation of one tooth to the eicloslon of othera as a aectorUI, 
appears to be doe to the following canses : It Is to be observed In the Ilrst 
place that when a carnivore devours a corcBHs, it cuts off niauBes wilh Its 
sectorials, ohliig them as shears. In so doing it brings the part to be divided 
to the angle or canlhusofthesoft walls of the month which is at the ^nt of 
the masseter muscle. At this point, the greatest amount of force Is gained, 
since the weight Is thus brought Immediately to the power, which wonid 
not be the case were the sectorial situated much In front of the masseter. 
On the other hand, the sectorial could not be situated larther back, Bloce 
It would then be Inaccessible to a carcass or a maes too large to lie taken 
Into the mouth. 

The position of the sectorial tooth being thus shown to be depeodentoa 
the masseter muscle. It remains to ascertain a probable cause for the rela- 
tion of the latter to the dental series in modern Carnivora, Why, for In- 
stance, were not the last molars modlfled Into sectorial teeth In these 
animals, as In the extinct Sgmuidon aud various Creodonta? The answer 
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obTlonalr Is to be fbond tn th« development of the prebenslle character of 
tbe CMlne te«th. It la probable tbnt the gape of the month In the Hygeno- 
dons was rerj wide, alnce the masBeter was sltaated relstlrely Tai posterU 
orly. In snch an aoluul the anterior parts of the Jaws with the canines 
hkd little prehensile power. They, donbtleae, snapped rather than lacerated 
their enemies. The same habit is seen In the existing dogs,* whose long 
JaiTBdonotpennltthelaceratlngpower of the canines ortheAIfdce, though 
more elTectif e la this respect than those of the Sjfienodciu. Tbe neefhU 
ness of a lerer of tbe third kind depends on the approximation of the 
power to the weight ; that Is, In tbe present case, the more anterior tbe 
position of the masseter muscle, the more eObctlve the canine teeth. 
Hence, It appears that tbe relation of tbia mnscle to tbe Inferior dental 
series depended originally on the nae of the canines aa prehensile and 
lacerating organs, and that Its Insertion baa advanced from behind for- 
wards in the history of caralrorous types. Thus, It Is that the only 
accessible molars, the fourth above and tbe flltli below, have become 
specialized as sectorials, while tbe flfth, sixth and aeventh have, Srst, 
remained tabercolar as In tbe dogs, or, secondly, have been lost, as In hy- 
enas and cats. 

Tbe redaction In the nnmber of the molars directly as the Increase 
ia the slie of the canines commenced as early as the Jarasslc periods in 
certain types,' as In Trlconodon, Owen, and Panrodon, Harsh, where the 
canines are large and tbe molars few. 

Tbe reduction of the molars directly as the Increase In size of tbe Inci- 
sors Is also seen In the Rodentla end Proboacldla. The mechanical rea- 
sons for this diflbr from those effective In the case of flesh^eatlog Hara- 
malla, and will be treated at another time and place. 



My paper In tbe Horphologisches Jahrbnch for 1881 gives an acconnt 
of the development of Fetromjzon down to the time of hatching, bat 
many important steps take place daring tbe larval condition. In the cen- 
tral nervous eyetem all the parts are already present and tbe only clianges 
wbicb occur are In the form and proportions of these parts, the most re- 
markable being the correction of the cranial flexnre, which Is almost com- 
plete and real, not iq>parent as In the higher vertebrates ; the opper lip 
and neighboring etractares rotating through 180°, wblch bas a profoand 
effbct npon the development of the head. The nasal epithellam arises 
from a thickening of the epiblast median In position and originally on the 
ventral side of tbe head ; the rotation and growth of tbe npper lip bring It 



.a. a. B,, TOi- xzxvi. 
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to the dorsal aide of the head and givo tt a deeper seat The fold* mp- 
pear very Ut« In I8r7a1 lire Just befope metamorphoBls. A. dlTerticDlan 
from the bue of the nasal «ac becomes b; saccesslve stages a glandolmr 
structure which may be homologoas with Jacobsoo's Organ. The bjpo- 
pbysla Is derived rrom a proloogatloD of the nasal sac orlglaally separaie 
from It. Dobm's loterpretatlon of this Is manifestly erroneons. The eye 
Is pecnllar In that only a small part of the outgrowth Trom the bnln b^ 
cornea the retina, due to the fact tbat dnrf ng larral life the eye is fonctloii- 
lesa. The cranial and spinal nerves are outgrowths from the central azls- 
ThoDgh In some of the fbrmer the ganglia are derived partially from the 
epiblast. Tbe branchial sense organs are foand Independently and much 
later tlian the ganglia. The cranial nerves back of the ear and all tbe 
spinal nerves are at first connected by a contlnoons commlssnre. The ik 
and X nerves are at drat composed of many separate nerves and ganglia 
bnt early coalesce Into a very complex mass. 



Omgin of AMuitCAH Carkivora. By Prof. W. B, 8cott, Princetrai, 
N.J. 

[laSTBAOT.) 

Im the lower Eocene of the United States no tme Carotvora occor, and 
probnbly not In the middle or Bridger Eocene. Here, however, we find 
the Miaeida a fkrolly of Creodonts, differing from all other families of 
that order In tbe posseaslon of sectorial teeth homotogons with those of 
the CHmivora. The Ulata formation probably possesses Anphtqfon, 
which 1 regard as the starting point of all the flsslpede forms. This ani- 
mal had a complete dentition, was plantigrade, pentadactyl, the fomor 
had a third trochanter and the hnmeraa an eplcondylar fbramen. The 
foramina of the skull are ratlier arccold in character. From An^icfoit 
we pass In one direction to Gipiodiai* of the White Blver Miocene tbence 
to AelvTodon and Oaiiit of the Loup Fork. The arctold or bear series 
Is from Amphteyon to Sf/ttnatvtoi, with side branches to the Miaitlfdm 
Froryonidte, etc. The arctold series would seem to be entirely of Old 
World origin and to be comparatively late immigrants to America. The 
earliest cats like the Protelvrvi of France and Dinictii of America show 
their close relationship in all points to Amphteyon In being plantigrade, 
pentadactyl, femur with a third trochanter, claws slmplet teeth numerous, 
sectorials with large heels, etc. These animals are closely like the Cr^i- 
oprocta of Madagascar and gave origin to three distinct lines, the Fh- 
trrida of the Old World, the true cats, and the false sabrctootha oriVImni- 
vtda. The changes In dentition can all be traced step by step. No 
arctold animal la known from America before tbe Lonp Fork, which has 
furnished Aitorftu. This brings us to the conclusion that the Cynoldesot 
dogs are the nearest modern representatives of the anccbtril type of til 
land Carnivora. 



n,g,t,7rJM,GOOglC 



Pbeuhinart paper on arRtrcnnw or Alou safidibsdu. By Fahut 
R, Hitchcock, New York, H. T. 

[AB»TSACT.] 

Ik the coDnecUTC tissue betwesD the myatoma in the muscle or the lat- 
eral Hue of Aliaa tapidlttima, there ue developed a. series of thia c&rti- 
laglnoQB plates Irregul&rl; trlaugnlar In outline, the apex of the triangle 
rormingUteprozlmiil part and the IrregDlsrljlobedbase the distal portion 
of each plate. The cartllsgea lie In a vertical plane and Incline oQtward 
and backward. 

The apex of the cartilage Is anterior to and slightly overlaps the distal 
eztremitj of the epicentral belonging to the Mgineat In which the carti- 
lage is developed. 

The eplplenrsla In Alosa are not nnlted to the ribs, bat the proximal ex- 
tremity terminates at some distance from them. They follow the dorsal 
line of the Interranscalar septa of the ventro-lateral .mass of the lateral 
mascle and pass below the ventral edge of the cartilage plates of the 
mascles of the lateral line, being separated from thoni by a small space. 
In the anterior bod; segments, directly beneath the pectoral arch, the car- 
tilage platea are wanting and the segments themselvea have, to some 
extent, coalesced. Posteriorly, the plates are developed thronglioDt the 
abdominal seginents. In the segments In which the cartilage plates are 
wanting, the epiplearals are also undeveloped, unless represented by the 
acapnia, which In the adott Is represented by a very small bar of cartilage, 
or Is wanting entirely. The anterior two eplplenrals are short, have coa- 
lesced and are attached by their proximal extremity to the post- clavicle. 

The spines of the conespondlng abdominal vertebra are Inclined to- 
ward each other. 

A consideration of theae cartilages and their relation to the other seg- 
mental skeletogenoQB elements leads to the opinion that tliey represent 
early stages In the development of new organs, rather than a reversion 
to a former condition. They afford strong confirmatory evidence of the 
theory that the sense organs of the heati are highly specialized hitej^n- 
mentary sense organs, corresponding to the organs of the lateral tine 
and show how the cartilaginous capsules of these head organs might have 
originated. 

The following anggestlona are also offered for consideration : 

1. That the mandibular, byomaodlbular and byold arcbus, the extra 
branchlalB of Parker, the scspnlar portion of the pectoral arch and the 
eptpleurala are homologons stmctnres. 

Z. That the coracold portion of the pectoral arch and the supporting 
bones of the pelvic flns may be honiotogons with the spines of the ab> 
domlnal vertebrte. 

8. Tbat the distal or free portion of the paired limbs may be derived 
ftom cartilage plates, similar to those described above, but developed in 
connection with a specialized line of Integumentary sense organs situated 
more ventrally than those of the lateral line we have been considering. 
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The ATTuigeiiieat of the Intend sense organs In amphtblau larva sbow 
Boch a Hoe developed ventrally and counecttng the fore and hind IbnlM. 
ir sneh a development took place, an explanation of the cephalic Sn of 
certain Elasmobranchs, as a snrrlviU or a reversion, would be passiUe. 



Ok TBI HOMOLOoru ot Bdestus. By Tuttrr B. HrrcHCXXX, Stm 
York, N. Y. 

[AsanuoT-l 

Thkbi theories hare been proposed as to the homologlea of the cuioos 
fossils which toTta the genoB Edestns of Leldy, vie : 

1. Doctor Leidj's view, now no longer held, that they were remains 
of the Heginented mazlDary bones of some extinct plagioetomona Bsfa. 

a. Sir Blchard Oiien'a theory that they were Bsh splnea. This view waa 
also proposed by Doctor Newberry and has I>een generally accepted ontU 
lately. 

8. The view recently proposed by Dr. H. Woodward of London, in his 
account of a remarkable fossil from Australia, referred by him to thlsge- 
nos. Doctor Woodward suggesta that these ftHSils are pectoral Sos sin- 
liar In character to those of Felecopterus (Cope). 

The object of this paper Is to examine the evidence for and agalnrt 
these views and to present for consideration a fosrtb view, vis. : that 
the fossils In qssBtlan are teeth with the bases enonuouslj developed; 
they arose probably in the median line between the mandibles, and wen 
attached to a membranoas or cartlUglnons support in the American form, 
or to an obhcous median piece In the Australian. 

This support being developed In the median line between the rami of 
tbe lower Jaws wonld sustain the same relation to the mandlbalar arch 
tbat the gloeso-hyal does to the byotd. 

To snpport such a theory, we have : 1. Tbe segmented character of the 
fosBilB, the segments being evidently freely movable on one another; 
such a structure wonld be very anomslons In a spine or a fln, each sb that 
of PelecopterUB. The mode of growth of the segments seems to have been 
In a regular series from before backward, while In Felecopterus the new 
tn rays are intercalated between the older ones. The finding of single 
segments of different sizes would Indicate that tbey were shed like teeth. 

8. The structure of the denticles Is similar to that of the tet-th of the 
Fetalldn with which they are frequently. If not always, associated as I 
am Informed. 

8. The presence of an oBseons support In the Australian form, which 
support thongh more slender, and longer. Is very similar to that In Ony- 
chodns. 

4. The overlapping of the segments, which Is very great In the American 
forms. Is very slight In the Australian, bat It is characteristic of the bases 
of tbe median teeth In Ontchodut ttffmot4ei from the Devonian of Ohio. 
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C. The bilateral «jnimetT7, tbellgaiaentoas attachment, which extended 
to the ba«e of the deotlclea, and the abseDce of any trace of arttcalatiou 
render It doabtful If there can be any homology between the Edestns r«- 
tnalne and the pectoral flna of Felecopterns, while tbe theory of a dorsal 
spine seems untenable In the presence of a baaal bone, snch aa la ahowa 
Id E. Davlta (Woodward, sp.)- 



Oh THK FRT8I0L0OT 07 THK KK&RT OT THB 8MAKB. By Prof. T. WSSLBT 

Mills, Montreal, Canada. 

[iBanu<Tr.] 

I. Thb InveatlgBtlona recorded In this paper were made In rold-wlnter 
on fasting bat not hibernating animals. 

S. Comparison or tbe vagi showed that In ever; Instance both nerves 
were efficient, bat nsaally the right was tbe more io; In some cases the 
difference. If actual, was mlnlmaL 

8. Stlmalatlon of the vagi leads to after Increased force and I^eqaency 
of beat, or or the former only, and according to tbe law' of Inverse pro- 
portion prevlonsly annonnced by the writer. 

4. Tbe mode of arrest of the heart Is Identical with that noted in the 
chelonlana, flsh, etc. ; the same applies to the mode of recommencemenL 

5. During vagus arrest the «fna« anJ nurtclet are tnezcttable. 

e. There are certain pecallar cardiac effects not explicable by reference 
to the vagi nerves alone, but whliA pat tbe sympatheUc system of nerves 
In a new light. 

7. Direct stimnlatlon of the heart confirms resalt« prevlonsly noted by 
tbe writer for other cold-blooded animals. Arrest Is In all the animals of 
this class yet examined owing to stimulation of the terminals of the vagi 
within the heart's sabstance. 

8. As regards indepeodent ventricular rhythm, the results have been 

9. Tbe heart of the snake upon the whole seems to lie physiologically 
between that of the frog and of the chelonlans. 



OBSBBV^lTIONa UPOM THK VISTkl. MKMBRAMKS OP THK OFOSSCH. By Dr. 

IIiMHT FuRFiELD OsBOBN, Prlncetou, N. J. 
[abstract,] 
This paper described the discovery of a female opossum with the young 
(n titero shortly before birth. 

There were nine young In each horn of the Qterns. The membranes 
consisted of a large, vascular yotk-taek united with the snbzonal mem- 
brane and forming a dlsC'llke area covered with amoeboid subsonal cells. 
Tbis area was cloiely attached to the polygonal cells covering the utrtciitar 
glands of the uterine epithelium. The allarUoia was also attached to the 
snbzonal membrane, forming a richly vascular area which was covered 
with Sattened cells but not In any case attached to the wall of the ntema. 
> Jonrual of Pbjilologf, Tol. TI, f.itl,etteg. 
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The fDDctloD or the yolk-iaek j^acerUa Is Infttrred to be the transmisskia 
of the secretlooa of the atrlcular glands to the embrjo, by meaos of the 
uinblltcal vessels. The ftmctlon of the alUotols Is either respirator; or 
the absorption of the fluid secreted Id the ateriue cavity b; the atricnlar 
glands. 



The riclatiok or thr commissurkb of the brain to tbi foiuiatiqx 
OF TUB KNCBPHAuc VESICLES. Bj Si. Hkmrv FjUBFIkij) OsBonx, 
Princeton, N. J. 

[ABaiBACT.] 

This paper suggested an hypothesis for the well known and coDstaat 
phenomenon of Ihe division of tlie embryonic brain Into four swelllDgs or 
vesicles. This consists In the constant presepce or three dorsal commis- 
sures or, more strictly speaking, decuaMOiinff tract* between the vesicles. 
These decussating tracts appear simultaneously at an extremely early pe- 
riod In embryonic life. The first was discovered by the writer as the 
primitive or degenerate condition of the cerebeUuin Id the Urodele Am- 
phibia. The second is found Id the posterior commlssare, which, accord- 
ing to Pawlowaky's observations as conBrmed by the writer, consists also 
of nerve tracts decDssating dorsally. The third is found In the gnperior 
commlssme, which has been independently observed by Belloncl and the 
writer, also consisting of decussating tracts. These three commissures 
are primitive f^atarea of the brnln and they appear in each case between 
the vesicles, i. «-, in the constrictions of the roof and sides of the primitive 
neural tube Cormln); the primary fore bralD, the secondary fore brain, the 
mid brain and the hind brain. It is suggested that there may be a aerial 
hot^ology between these commlssares, and Ibat they may bear a causal 
relationship to the vesicles. 



T.J 

Thr paper gave a brief history of the discovery and the characteristics 
of the $ In Phengodes and Zarhipls and showed the dllflcnlty of distin- 
guishing between It and the larva proper. Described the egg, newly 
hatched larva and paeudo-pnpa. Mentioned other lumlnons larvae In Cole- 
optera and discussed the bearing of lamlnoslty on arrested development. 



The bui-falo-omat problem ih the lower UissieeiFFt TAu.nr. £j 
Prof. C. v. RiLKY, U. S. Entomologist, Washington, D. C. 

[ABSTftAOT.] 

Thr paper gave the results of late Investigations Into the habits of the 
species of Slmullnm so tnjurloas to stock In the Southern States. The llh 
history was traced of the two more Iraportaut species, SlnuiUum ptewtnm, 
n. sp. and Simutittnt merJdfonale, n. sp. 
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Ths proboscis or Thb hosquito. Bj Prof. Q. Maclobkib, Piinceton, 
New Jeraej. 

[ABBTBACT.'] 

Anatomt or mont.b-parCa &nd special description of the labial sheath; 
comparison with proboscla of Maaca and homology or parts. The ducts 
of the thoracic salivary glands and of a median, or polaon-glaad, unite 
luto a single dncC with spiral thickenings. This duct blfarcates In the 
neck, its branches proceeding to the two mandibles which are perforated 
«s fangs fbr discharging the fluid Into the wonud. 



OS THB KARLT HISTORY 09 TH8 FOOT IN PROSOBBANCH OASTKROPODS. 

By Henrt Leslie Osborn, Ph.D., Hsmllne Univ., Hamllne, Minn. 

[ABSTIUCT.] 

The literature of animal morphology Is becoming more and more de- 
voted to the subject of organogeny. The study of the derelopment of 
organs Is throwing much light on the story of their origin, the origin of 
species as well. The testimony of authors on gasteropod morphology 
prior to 16S6 Is to the effect that the foot throughout the group arises as a 
median elevation of the ectoderm upon the ventral surface behind the blas- 
topore. Among the varlons writers, who have given expression to this view 
are Carpenter, Bobretzky, Korea, Butschll, Salensky, Rabl, Balfour and 
others, and their researches have extended to Futua, Natia, Nalica, Cyik- 
eraa, T^oc^vg, Vermttut, and Paludiaa. Their reports leave little doubt 
of their observations on this point. 

MacMurrIck, in a paper In IS36, on the development of Prosobranchs.flg- 
ures but does not describe the first appearance of the foot in Fulgiir not 
as a median but as a paired structure. 

In studies In 1884 upon Fasclolaria and Fulgur I observed and figured 
the first stages In the development of the foot, Jn both cases it arises as 
a pair of entirely Independent elevations In the ectoderm behind the velum 
and blastopore on the ventral surface. Sections show them filled with 
mesoderm the beginnings of the mnscnlature, and the nervous system of 
tlie foot arises as two Independent parts Later united. It is very early that 
the two separate mounds coalesce to form the single median structure 
wliich persists as the peculiar form of foot. 

In view of these obsenatlona It would appear that we must accept an 
amendment to the corrent statement of the facta as to the origin of the 
Prosobranch foot to the eQect that In some cases (so far as at present 
known two cases) the organ is at first a paired structure like the begin- 
nings of locomotor appendages in arthropods and vertebrates and only later 
in the ontogeny median In position. 
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Further we may open the qDestlon whether thew fftcta m&y be tsfceato 
have phylogenetic slgnlflcance or to be a falBlflcation of the pbrtogeneQc 
record. The latter view would seem Improbable becaose the toot in gaft- 
teropods is of no use In the earlj' larval life, the velum being the organ of 
locomotion. 

It would be equallj difficult to see how the paired condition of the fool 
could have been acquired secoadarliy from an ancestral form with a siiifde 
median one, both becatua of its prolMble rarlt; In the group and becanse 
of the absence of funcUon of the foot in early Ufe. On the other hand 
the supposition that the gaateropod foot originated as a median stractore 
from the ventral creeping surface of a Vermian ancestor would seem nat- 
ural and easy being tn accord with the facts of anatomy and the few 
hitherto published facta of embryology, la thus seeking a meaning for 
this appearance in these two forms, which deviates from the position com- 
monly held, I have do desire to attempt to force a few facts to support a 
superstructure of specalattou bat rather to propose the qaestiou for fut- 
nre determination when a larger number of fonjos shall have been studied. 



Oh thk origin, vbvblopmbnt, and prbvalekot of ths e 
ECHINOCOGCDS. By Dr. Cuas. Fortbk Habt, Wyomlug, O. 

[AB8TBA0T.] 

The object of the author lu presenting this paper was stated to be, not 
BO much to study the morpliology of the so-called Echlnococcus, as It was 
to show how rapid Is becoming tbe spread of this dangerous parasite in 
Bomepartsof our couutry — a parasite which, In Its sexually Immature con- 
dition, Is probably more fatally injurious to man than all tlie other species 
of entoioa combined. A brief review, however, of the various morpho- 
logical changes which It ondergoes in man and In the lower animals, was 
first given, partly In order that a correct dlaguosls might be more readily 
made In ihese cases, but chiefly with a view to exhibit the strict relitlOD 
which Its presence lu man bears to the degree of Intimacy subalstlng be- 
tween him and the domestic dog — a fact now well establlsbed, and of the 
highest Importance in a sanitary point of view. 

After describing and exhibiting varioas specimens recently obtained, 
the author staled, that wlihlu a period of about thirty years he had met 
with DO leas than seventeen well -recognized cases; that many more doubt- 
less escaped detection from the obscurity of the attending symptoms, or 
from want of care in observation. But one of these cases occurred more 
than twenty years ago, while more than two-thirds of them were doiIc«i1 
withiu the last decade, and no less than three within tbe last twelve 
months. From tills he Inrerred that the disease Is rapidly on the Increase, 
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and tbat It behooves men or science to enlighten the general public on the 
subject to the fDlIest possible extent. This the author attempted to fio, 
as far as the occasion offered, bj describing the varlgas circnm stances 
under which the germs are known to be dlstrlbated, through the atr, 
water, and other media. 



Lk)couotk>n and bilateral SYvaarTBY. B; Dr. Joaxra Jastrow, Phil- 
adelphla, Fa. 

[ABSTBACI.] 

The problems ofbllateralBjriometrr—cQlmiDatlDg in the problem of left 
and right-handedness in man— are tn part dependent for their solntiOD on 
a correct QnderBtaDdlng of the natare of animal symmetry. The only sng- 
gestlOD regarding this iDsufliclently treated question that (to my knowl- 
edge), is at all satisfactory Is tbat offered by Eduard Weber (Bertcbte of 
the Leipzig Academy, 1S49). According to this view bltatenil symmetry 
ts associated with and due to progressive locomotlou. This generalization 
Is supported by the following considerations: 1. Animals are symmetrical 
with reference to the plane lOf motion, and the motor-organs as well aa 
the sense-organs that guide motion are sgiiln symmetrically disposed with 
regard to the same plane. 2. Such animals as require the most delicate 
eqnlltbrliim in their mode of progression have the most perfect symmetry; 
dying animals have a finer symmetry than walking auimsls, sot] the latter 
a finer than swimming animals. An Interesting appllcailon of this Tle«r 
to the question of rlght-handiidness Is given by Weber. He weighed tiie 
dissected mascles of each half of the body and found the ratio of the weight 
of those of the right arm to those of the left to be as 1 to .929, In the legs 
as 1 to .986, In the trunk as 1 to .992. In other words the tmuk, where 
asymmetry wonid most Interfere with locomotion. Is most symmetrical, 
and those parts where specialisation is greatest, most asymmetrical. In 
general then, the specialization of function exerapllfled In right-handed- 
ness Is possible only when not Interfering with locomotion and Its extent is 
limited by such interl^reiice. A second test Is suggested by the generally 
accepted conclusion tiiat primitive man— to whom speedy locomotion was 
more necessary than to us-^was more ambidextrous and thus more sym- 
metrical. 

An experimental verification of this view Is possible by asymmetrically 
mutilating and weighting animals and ascertaining whether snch mutila- 
tion or encumbrance Interferes more with locomotion than a symmetrical 
lesion or encumbrance. Experiments were made upon the common house 
fly that make this verification decidedly probable. These observations 
are ofl'ered aa a preliminary suggestion and In the hope of inciting others 
to more extended observations directed to the same object. 
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A POINT IN DKRMAL PHYStOLOOT WITH DEHOHSTRkTION' OF A lt«W AMTHK- 

SIOUBTBR. Sf Dr. JosiFH Jabtrow, Plitltide1phl&, Pa. 

, [ABBTBACT.] 

FuRTHKu advaace la oar knowledge of the BSDsatlona accompanTlng 
contact of the skin Is dependent npoo an tmproreraent In tba methods of 
observation. For this object I ba-ve devised the lostraroent which I tarm 
mj aeatlieslonieter. 

The points of Improvement to which attentton Is expressly called are 
the foUowlng : 

(1) The points are no longer held in the hand, bnt are llrmly monoted- 
We thus are sare that the two will toach at once and with eqnal Intensltf ; 
the contact Is the same one time as the next, and the time of contact can 
be regulated. 

(2) The distance between the points Is easily set and accnratelj meaa- 
nred. 

(8) The points can be applied at any angle. 

(4) The points can be used separately as In " SDccesslve " experiments, 
and any number of polcta can be osed. 

(E) The points can be applied to any part of the bodjj verticallr, hori- 
zontally or obliquely as convenience directs. 

(6) By using a double apparatus two pairs of points can be applied to 
the same pulnts of the skin, or almultaneoualy on symmetrical imrtlons. 

(7) Points of any kind can tie Inserted ; type, rods, and forms of any 
kind can be oaed. 

(8) The points can be moved continaoosly along the skin. 

(9) The ItiBtrameut can be used for locating and mapping oot "hot" and 
" cold -points." 

(10) By making electrical connections the reaction-time Ibr touch can 
be meascred. 

To test the Instrnment I experimented npon the distance -sense of Ibe 
skin. The part ased was the volar surface of tlie lower arm. Three points 
a 6 c (o, b and e) were chosen so that the mean between ae and be was 
constant at 48 mm ; ab was 6 mm. in one series, 12 mm. In another. An 
observation consisted in applying the points to a and o and then to b andc; 
or, vice vena, the subject to tell whether the larger or smaller distance 
was first applied. The errors In lOOobserratlonsIn each of three sabJecM 

A. Woenob — 6 mm. I 80 II 80 III 29. 

B. When ab=~ 12 •• I 9 II 13 III li. 
To test whether this amount of error Is due to the sensibility of the 

skin at a b, that sensibility most be measared. The old way (which I be- 
lieve to be ambiguous as well as crude) would be to tlnd at what distance 
two compass- points seem double as often as single. This Is, for 1, 11 mm. ; 
fbr II, 15 mm,, for III, 14 mm. If this were the standard the above errors 
are far too few. A better method Is to apply qow a single point, newt 
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double and And the proportion of error in telllog whtcfa Is which. In tbis 
fray, wtthiJ,Ihad30;II, 18,MidIII,80error8lnl00. WItb B 1, 18;U, 12; 
III 18; which again la a greater amoant of error thao before In B, though 
less In A. Boi the fairest test Is simplj' to omit c and alternately nse a 
aud b \n pairs; the subject to detect the orderof each pair. The errors are 

{b'. 1^8 II 's III ^7 1 ' »i°»11«r amonut of error, thus Indicating 
tliat the sUmDlatlon of e interferes with the-maxiniam dlBcrlmlnabllUj. 
The theoretical hearing of tbess facts mast he postponed nntlt more oh- 
serratloDB have been made. 

The author desires to grateltill; acknowledge that this apparatus was 

constructed by aid of a grant hroin (he Elizabeth TbompsoD Science Fund. 



TbeesMntialpaitaortbalmtrnmeDt area* follow*; A baae, irf.lowblob iaatUcfaed 

apalrornprlgbla, i>ZJ';> block, £,Dpon which nit> ■ frame, (7, for racelTlnstbe inn 
which [8 held In poiltion bf gruping the band u shown In the oat. A line millimeter 
uale, O. with two urma, PP; through wbloh it In fkiMnod at S, at any denred ingle; 
upon ihii Boala are two carrlagea, BH", iM\ug along It with asmuch or at little fiictlan 
■■Is dealred. At O there la a amill "knee" that can he firml; icrewed and holdatbe 
polDta, etc., Ff (any nnmber and ilie of these kneea can be mada). AboTa are two 
rod*. H', connected with two head plecea, XX', throegb which piaaea a eteel rod, W. 
The earrlage la held Id a flied poiltlon bf icrewlDg dawn the acrewa at Wand tha 
two polDia are mads to lonch the aklu bj-preislngthe bntlon Ml, which preBseBdown 
a aprlng that, la tarn, releaaea the polula. The alaod and accaaaor? appliance* are of 
wood, the reat of bni*B and ateel. The length of tbe acate, O, 1b ihlrt; deelmatar*. 
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Ok CATALOOunra mcxoBconcAL PBXPAiu-noira. By R. H. Wabd, HB, 
Troy, N. T. 

[ABSTKACT.] 

Thi8 proposed lystem of recording microscopical preparations \i Ue 
outgrowth of the writer's experience In trying to make a coUectiOD at 
slides u naefnt as poerible, as objects of reference In teaching as wdl u 
in stadr, and with the least possible ezpendltore of time or troable. It b 
primarily Intended for those students who need not, and will not, un- 
dertake to maintain the more cumbersome system of acardcataloKnc; Imt 
even for the specialist, wltb the facilities of a laboratory at conunand, t: 
Gootinnes to be available In connection with the card catalogue, as a seriil 
list and for the temporary preservatloa of memoranda concerning objccu 
In course of preparation- 
Much labor la wasted by accumnlatlng slides without proper recon^ 
many valuable objects being laid aside and their exact pecoUarlUes forgot- 
ten before their owner realliea that he Is really making a collection. An; 
slide worth preserving, for any sclentUlc purpose, Is worthy of amommt's 
delay In making an accurate, thorough and systematic registry at the tiiM 
of acquiring It. 

The resUy valuable data concerning a prepared slide are too nnmerou 
to be selected and arranged by memory alone, thoroughness and unifor- 
mity of description requiring some arilflclal assistance. The simplest tod 
best arrangement would be that of separate columns down a page, oik 
column for each Item; but the Items are too numerous to admit of thUir- 
rangement on a page of convenient size. By giving three or four lines to 
each entry, however, and a like number of related Items In each coIdiib, 
the end can be attained without practical disadvantage. Adopting the or- 
dinary Ito slie of a page, and carrying the entries across each pair of td- 
Jacent pages, an area equivalent to that of a postal card can be gtvee to 
each object, with ten entries, consplcnonsly separated by horizontal red 
lines, to each opening of the forms when bound In a book ; an arrange- 
inent most convenient for n^ld reference, and aflbrding aileqnate spue 
for general use. The Items most commonly desired are tabulated at the 
head of each page, and merely referred to by suggestive letters below, so 
that the description of each slide appears as a practically uninterrupted 
block of MS. and substitutions of other data can be readily made accord- 
ing to Individual necessities. Pages for SOOOobJects, If required, with blank 
sheeta for long notes, and an ^phabetical index sufficient for tve or sli 
cross references to each object, can be bound In a volume of not Incm- 
venlent size. The Index is ruled for convenience in entering titles snd 
numbers, and Is lettered alphabetically, with subdivision on the vowel bjv 
tern, the assignment of pages depending on the frequency with which the 
various letters occur at the beginning of English words. The following 
table shows an itemized form of very general availability for the seilil 
pages: 
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Skyblofmeht or tbe oubklufbb fruit. B7 Johh H. Coultbb aad 
J. N. Rose, CntwfordBrUle, lod. 

[ABSTBACT.] 

Ih no famll; of pUots does the n-olt rnrnlsh more cerUin diignoetlc 
characters tban lo the Umbellirern. This ladlcates an nDDsaal SDoant of 
dISbreatiatloD Id the fTalt structures and b great diversltj Id Its display. 
Poraome tlmu past we tutve been making a crUlcil elimination of all our 
nmbellireriB east of tbe lOOth meridian, and this has directed special sl- 
tentton to the mlaate structure of the Trait of all onr species. It waa a 
matter of considerable Importance to atudy the development orthese strtict- 
ureB, for which purpose our common Chrerophgllvm proamhera was se- 
lected as a type. Beginning with ovarj wall composed of undifftren- 
tiated parenchyma, supported by simple flbro-Tsscalar elementa, the 
changes wrought In the maturing ovary and then In the ripening ftult were 
traced. The general structure of the pericarp wnll well represents the 
typical leaf structure, with epidermal layers bonnding a more or lesa de- 
Teloped mesophylL It Is In the latter that the character! a tie ^'uU slmct- 
tlres are developed. Tbe constant occurrence In the onter epidermal 
region of two distinct layers of epidermal cells sug^sts the presence of 
a connate caljx. The meaophyll region of the pericarp Is natnrally sepa- 
rated into three structures ; (1) oil-ducts, {'i) strengthening cell:<, (S) nn- 
dIflereDtlatcd parenchyma. 

I. DcBtltipiMnt of oil-duels. — In very yonng bads, groups of three or four 
parenchyma cells of the pericarp begin to be set apart for the formation of 
oil-ducts. The first indication of this Is tbe fact that they become secret- 
ing cells, and are discolored by tbe characteristic olty contents. The three 
or fonr secreting cells begin Co divide radially so that at the time of an- 
thesis the resulting Intercellular space becomes an oll-dnct of small cal- 
iber, with six to eight secreting cells. Tbe radial division coDtlaoes as 
the tniit matures, thus gradually enlarging the caliber of the dact. The 
ducts are thns simply enlarged intercellular spaces, developed by the ra- 
dial division of the surrounding secreting cells. Hydrocotyle has no oil- 
ducts, because Its secreting cells lack the power of radial dlTision; 
Conlum has none because Its secreting cells are In a plane Instead of in 
groups ; while most Umbellirera have oil-ducts because the secreting cells 
are In groups and also have tbe power of radial division. 

II. DtMlopmeut of ttrengthening eelU.—Xn yonng buds there Is no set- 
ting apart of tills region from the ordinary parenchyma of the pericarp 
wall. Upon approaching anthesls, however, tbe parenchyma cells sur- 
rounding each fib ro. vascular bundle subdivide, and at anthesta quite a 
distinct gronp of small parenchyma cells is discovered beneath each rib. 
This comparatively small sIes Is due not only to cell-division and moderate 
growth, bat also to the strong growth of tbe surrounding undifferentiated 
parenchyma. White tbe region is Indicated before anthesls. It does not be- 
come really a region of strengthening cells until the development of the 
finilt. It Is then that the waUa begin to thicken, ontlt at maturity a group 
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of strengthenlDg cells Is composed of Ann heary-walled ttssae. The con- 
tained fibro-TascDlar elPinents are encroachud apOD, and far the moat part 
obliterated, as the; are real! j foacUonleaB after aotbesls. Tbe differentia- 
tion proceeds centrirogaU; from tbe Bbro-Taacniar elemeDts aa a center, 
at first a cvmparatlvel^ Bmall area beliiK Included. The surraandlng pa- 
reDchyma Is gruduall; Invaded, nntil In some casea the whole thlckneaaof 
the pericarp wall Is concerned. 

III. JOmelopraent of undifftrentlMtd partnehyma. — This region, l7tQg be- 
tween tbe strengthening cell groups. Is chleflj concerned In the extension 
of the pericarp wall. This extension Is effected bj the radial division of 
tbe undlfferenllated parencbjma, the amount of tangential cell-dlvlsioa 
being comparative I; small. The exception to this la found In ribs and 
wings, which represent regions of strong tangential cell-dl vision. 



^ciDiuu OM JcniPKiiuB VmoiK*Ki. By Prof. W. Q. Farlow, Harvard 
UulT., Cambridge, Mass. 

[AHTRAOT.] 

Sktkral species of Gymnosporanglum grow on Junlptna Virginiana 
bat their Boestellsor tecldlul fbrmsare found ondllferent Fomeee. So far 
no tecldlal form has jet been described on J. Virglniana. Wben In Ber- 
mnda, In 1882, irouuddlstorttoosof tbe branches of y. Bemwdlana which 
had a close resemblance to the knots caused b; 0. globoium on J. Vlr- 
S/iniana. Tbe specimens vrere collected In January and were Immature, bat 
scattered over ibe knots were tbe peridia of an tecldlum which had not 
yet opened. The following year, Mr. Walter Faxon visited Bermnda In the 
summer aDd,at my request, collected some more of the knots on which the 
perldla were In better condition than in my own specimens but rather old. 

Last January, Mr. F. S. Eavle collected ou J. Vtrgtnanua slmlliir knots 
at Ocean Springs, Hiss. An examination shows that tbe Missiasippi 
specimens are of the same species as the Bermuda plant which Is described 
as a new species, ^cidium Bvmwdianitm. It cannot be told with what - 
telentosporlc form tbls lecldlum is collected but It differs tram the tacidia 
of any of the Oymnosporangla known on J. Virginiana. 



Apical orowth in Faces. By Prof. W. O. Farlow, Harvard Univ., 
Cambridge, Haas. 

[ABSraAOT.] 

AccoBDiNO to RostaflnskI tbe terminal growth of Fucus la by meaua 
of a series of cells of eqoal value. Becent observations by Mr. W. M. 
Woodwortb show, however, that there Is not a series of cells but a sin- 
gle terminal cell In Fneat fureatMi, F.filiformit, and F. ve»iculo»ii». This 
bringn Fncos Into accord with the other genera of Facaces as far aa th« 
growth by a single terminal cell la concerned. 
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KOTBS ON TBK FLORA OF TH« KXTtilVXlXY MOCMTAIKB. By Dr. N. L. 

Brittok, ColambU Colleg«, New York, N. Y. 
Thk paper described the remarkable res«inblaDce of the Flora of the 
KJttatlan; HountaioB to that at the pine barrena and other sand^ coast 
tegtons. 



On thk BtsTOLOOT of thb vBoariTiv* obOaito of Bbasknia pkltat* 
Pdssh. Bj Prof. Job. Schrbnk, Hoboketi, N. J. 

[ABSTBAOT.] 

Short, Introdoctor? remarks retbrrlog to the dlacorer?, by the aathor, 
or the Internal hairs in the Intercellnlar canals of Brasenla In 1844. 

The structare of the sheaths at the tips of the rootlets (very diflhreni 
from ordinary rootcaps) and tbelr origin. Anatomy of rootatock, mn- 
ners, stems and peUoles. (Total absence of vessels and other llgnifled 
tissue In the Intemodes. The pecallar mode of connection between tlie 
Intercellular canals of the mesloms of two contEguoas Intemodes). The 
petiole. The leaf (remarkable stractare of the epidermis cells; water- 
pores on lower side). Submerged leaves, their structure. 

The mucilage. Its origin from the hairs of the epidermis. Haira de- 
scribed. The varloQB reactions showing the forraaUon and oatnre of the 
mucilage (bacteria living in it). 

The Internal hairs (probably pathological formatlons)- 

(Numerona microscopic slides veri^lng the statements of the paper 
were presented ; also outline lUnstratlons on chart, and living and heiha- 
rlum specimens.) 



Thi CDLTiVATm dNCHONAB OF BOLIVIA. By H, H. RusBT, M.D., Co- 
Inmbla College, New York, N. Y. 

[AnsTRACr.] 

Cinchona has not been studied In South America since Its caltlvatlon 
there has resulted In the production of new forma. These dllRr ftom the 
new forms produced in foreign plantations, as the stocks carried to those 
parts consisted of only the valuable species, while all species were 
planted In Bolivia. This paper, therefore, treats largely of new hybrid 
forms. The special conditions fhvoring hybridization there, are : 

Ii The tendency of this family to croaa-fertlllsatlon. 

2. Special organisation,— dimorphism. 

$. Aggregation Into plantations. 

i. Abaodance of Insects, contlnuoos by day and night. 

S. Hnmming-blrds. 
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Tbe dlfflcalty or classtrFlng the Cinchonas, which bus led eome to usert 
Its impoBBlbUity, Is p^rtlf due to tbe employmeut of certaiu characters 
^talchlD this genus are not apeclQc, sod the neglect of others which In this 
genus are constant and valuable. Snch oon-spectflc characters are: 

1. Chemical composition of bark. 

2. Form of leaf without specltying stage of development. 

3. Degree of pubescence. 

4. Color of leaves. 

5. Size and color of flowers. 

6. Dimorphic condition of one species contrasted with a different di- 
morphic condition in another. 

7. Form and appearance of pods wlQiout specltyiDg stage of develop- 

Neglected characters are ; 

1. Venation. 

2. Kind of pubescence. 

The specimens found cultivated In Haplrt, Bolivia, are : 
C. CalUaya, Wedd. 

" " " var. mterocarpa, Wedd. 

" " " " LtdgerUma. 

" micrantha, Wedd, 

*' ovata (two species described under this name). 
" avtygdaUfolla, Wedd. 
" lanrxolata, R. £ P. 

" lancifolia, Mutis (a form of 0. Caliaaga). 
The hybrids found In my collection are : 
C. Calitaya X 0. orata, Ave numbers. 
" " X C. amygdatifolia, foar numbers. 
" " var. microearpa X O. ouata, one number. 
" " " " X 0. amygdalifolia, two numbers. 

" C. oeata X G- amygdalifolta, two numbers. 
Doabtful forms are a hybrid, each of 
C. micrantha X C. ovata. 
C. micrantha X 0. amygdalifolia. 



ClIARACTBR OF THB INJURIES PRODUCBD BT PARASITIC FUNOI UPON THRXR 

HOST PLAMTB. By A. B. Sbymour, Harvard University, Cambridge, 

[AMTRAOT.i] 

Parasitic Fungi lojare their host plants.— 

(1) By taking their nutriment and causing, to some extent, starvation. 
Individual cells are IcUled or their food-supply continually absorbed by 
mycelium or haustorla. Cell walls are Injured. 

> The entire paper 1> to Appear In Ihe American NatDiallet tor Deo., IBCT. 

A. A. A. s. VOL. xxxn. 18 
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(2) The power of ualmllatlon U Impaired. Bednction of food-rapplT 
weakens tbe phrBlologlcal power. Cbloropbyll Is destroyed In sonie cells. 
Spots are formed. Black molds obstrnct passage of Ilgbt to the chloro- 
ph>ll. Some fliDgE eaase a change of position la tbe boat and less &Tor' 
able exposure. 

(5) Growth la abnannally accelerated or retarded, caaslng distortlona 
as well as Impaired vitality. 

(4) An; parts may be affected; chlorophyll-bearing parts most fre- 
quently, bnt also roots, as cabbage roots by I^atmodfophont Brattica, 
and stems, OS ofiVuntM by Sphasrta titodota, and cedar by GfviHotparatigia. 

In the flowers of blackberry a species of Putttporiuw causes the dis- 
tortion known as "doable blossom"; in many grasses, the entire Inflores- 
cence Is destroyed, as tbat of Paaicwm taiiputnale by Ustilago BabenhoMi- 
ana. Uitilago antherarum Infests anthers of Cargophjfllaeea. Tbe ovarf 
of iVanui la converted Into a pouch by ExooKMt Prwd; tbat of rye into 
a hom-like body by Clavicrpt ; that of the pear Is killed by PuafetadiKm 
and nLllsfh>ra the tree. TUletta earlet destroys the seeds of wheat. 

(6) Decay la produced in ripe fruits, affecting their appearance or qual- 
ity or destroying them. The parasite may contlnne Its growth under con- 
ditions like those accompanpng saprophytic growth. 

(6) Valuable plants become infested with diseases from less valuable 
ones, as when Peronotpora spreads from wild grapes or Anpeloptti to col- 
tirated grapes, or wild cedars infest apple trees witb rust. This offers a 
favorable deld fur further liivestlgatlon. 

The extent of the Injury attribulable to any one eanse Is dlfflcnlt to de- 
termine, as several act togetlier. 

Canada thistle, attacked by Pucelafa luamoleaa, wilts In hot snushlDe, 
probably Tiom exhaustion of food-supply. Pucetaia gra^intt prodoces 
'greater Iqjury In Its telento-stage than In lU uredo-stage fbr the same 
reason. 



On THE STKUCTURX OF THs FROND IN Champia FARVULt Habv. By 
Robert F. Bioblow, Washington, D. C. 

[ABSTaACT.] 

The results here preaented are derived from work done last winter In the 
cryptogamlc laboratory at Harvard College. The material was alcoholic, 
and was studied partly by freehand sectioning, but chiefly by embedding 
In parafflne and sectioning on a Thoraa microtome. Amodlflcatlou of the 
chloroform method was employed In embedding. 

Champia parvula Harv. was taken for study because It Is a representa- 
tive of the peculiar group of Floridece, having hollow (tands. The fraud 
of C. pantila la cylindrical, Jointed and branched. Cut longltadlnally. It 
Is seen to be divided Into barrel-shaped chambers by diaphragms at the 
Joints. In each branch there la a variable number of simple fllamenta 
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each compoaed Dfaalnglerowor elongktad cells. These fllnmentB ran close 
to the wall of tbe frond or cortex, from the tip to the base of the branch 
and pierce tbe dlaphrajtms ancbaDged. The BlameDts In the secondnry 
bmiiches are Dot contlnnoae with any of those In the primary branches. 
Moat of the cells of the fllamenls, except those cells that penetrate the 
diaphragms, bear, near the middle on the side away from the cortex, a 
small, rounded bulb cell. Opposite this bulb cell there Is often a cell con- 
necting the fltament to the cortex. The cortex and diaphragm are single- 
layered. 

At the tip of each branch. Instead of a single apical cell, there Is a clus- 
ter of snch cells, corresponding exactly In namber and ponitlon to the ni- 
aments of the branch. From time to time, each apical cell gives off by 
illTlslon a cell from the side away from the apex. This cell divider Into 
an onter and an Inner cell. Tbe onter cell, by further division, helps to 
form the cortex. The Inner cell Joins a row of similar cells to form a lon- 
eltDdlnal aiament. It may divide a fev times parallel to the cortex. If 
It divide bat once, the result Is a bulb-cell ; If several times, conjointly with 
corresponding cells Id the other fllaments, a diaphragm resnlts. 
P The principal conclusions are ; that, each of the longitudinal filaments 
Ib beaded, morphologically, by an apical cell from which the cells of the 
filaments and of a corresponding area of tbe cortex are derived, and that 
the diaphragms and bnlb-cells are alike In arising by outgrowths from the 
filaments near the tip of the frond. 

[For a more complete account see Proc. Amer. Acad, of Arts and Sci- 
ences, Vol. xxiii, pp. 111-121.] 



Thb florji of thf Potomac roRMiTioN in Virqinia. By Prof. Wil- 
u*M M. Fontaikb, University of Tlrglula, Va. 

[ABiTKACT.! 

Tbr name Potomac formation has been applied to a series of newer mes- 
ozoic sands, gravels and clays, sometimes cemented Into sandstones and 
conglomerates, which appear along the Inner margin of the coastal plain, 
forming the basal member of the undisturbed mesotolc and cenozolc for- 
mations of the eastern United States, in Virginia, Maryland, Delaware and 
perhaps other states. It comprises two members — an upper, consisting 
generally of variegated clays which are well exposed about Baltimore, 
and a lower, consisting predominantly of sands and gravels, well-ex- 
posed In the tslafTa of the Potomac river below Washington. The upper 
member Is known only north of Frederlcksbnrg, and the lower Is best 
developed from Washlugton to Richmond. The life of the upper member 
is not well known, and the present paper deals only with the sparse ani- 
mal remains and abundant plant fossils of the lower member. 

The animal remains Include a tisb, not yet Identlfled, and three or four 
species of Ettheria. 
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The plnnt inipresslons &re exceedloglf abnnd&nt and well presemd. 
No fewer than 37B species have been collected and Identlfleil, or desertbe-l 
ADd drawn; and of these more than 300 are new to science. The Bars 
is a complex one and represents the period of tranaltlon (Vom the eaily 
polycotyledonous type to the dlcotjledonoas tjpe which has ever tisce 
remained the predomtnant one. There la a large number of Jurassic forms, 
but these are associated with a still larger number of rorms which snr- 
vived In and even through the Cretaceous. 

The age of the formatloa, as indicated bj Its flora, appears to coincide 
approzlmatelj' with that of the Lower and Middle Neuronian of Clreeo- 
land and Europe. This testimony of the plants consists fairly with the 
stratigraphy of the formation, which Is evidently post-Rheattc and la oo- 
conformabl.v overlain by the New Jersey Cretaceous. 



Methods of brakchino i.v the FtBRo-visccrLAR systkm of punts. By 
A. A. CuoziEB, U. S. Department of Agricnltura, Washington, D, C. 

[ABETRIOT.] 

The structural study of plauts has related more to the histology of the 
tissues than to their distribution and comparative form. Of the three 
systems of tissues usually distinguished tn the higher plants, the flbro- 
vascnlar Is most closely connected with their plan of growth. This sys- 
tem drst appears in mosses, where It is never more than a few vessels at 
the centre of the stem. In ferns. It Is well developed and assumes a 
great variety of forms, usnally appearing as a ring of separate bondles, 
but In some of the higher genera as a ring of united bundles. In lyco- 
pods, the system Is here regarded as a crowded and partially consolidated 
ring of bundles. In endogens, the inner bundles surround a central pith, 
while the remaining bundles are believed to be formed at the same time 
or later In similar surrounding tissue. 

Two leading methods of branching In the Bbro-vascnlar system were 
described. In the first the flbro-vascular ring of Che stem divides, a part 
being deflected to the lateral member without change^! 11 Qstrated by most 
teine, as Asplenlum, and by the branches of many flowering plants. Id 
the second method the parts going to the lateral member orlgluato at the 
centre of single bandies, or of flbro-vascular centres— -illustrated by the 
leaf in Osmuada, Equlsetum, Lycopodlnm, and many flowering plants. 
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TiMto BONKT-PUHT. By Hrs. F. S. Pbasb, BaSkto, N. T. 

[.IBSTBACT.] 

Thu plant was Identlfled by Dr. Beal, and Mr. Scrlbner, as Ei!hinop$ 
Sphcerorrphalua, a. perennial, and native of Central France. Itwasflrst tn- 
trodnced and enccessrully grown In tbis country by Mr. H. Cbapmaa of 
VerBalllea, New York, ilx years ago. It did not bloom tbe first year, but 
the second and third years be obtained from seed spherical blossoms or a 
Tragrant odor, which proved an Irresistible attraction to ait tbe bees In 
the neighborhood. From tbe small beglnnlDg, Mr. Chapman has thta year 
tea acres In full bloom. Tbe seed shoDld be gathered as soon as the balls 
turn brown, and when ripe the seed can easily be shaken from the balls. 
Xbe plant grows from foor to Ave feet high, with large prickly learee, 
^vfalch with the stalk regemble those of the thistle. The blossoming Is in 
accordance with the thrift of the plant, the soil, and the season. It con* 
slats often to thirty spherical shaped beads, from one and one-hat f to two 
Inches In diameter, and very productive of nectar. The heads all stand 
aprlght, and are round like a ball, tbe entire snrlkce being covered with 
irblte flowers bearing bluish stamens. The flowerets on the top of the 
sphere open first, and then th«se along the sides ; the opening contlna- 
Ing in the order of natnre aronnd the sur^ice of the spherical head; the 
iBst flowerets opening near to the stem after the blossoms on tbe top of 
the heads have foded and the seed capsules of the first blossoms have 
hardened. The seeds are In weight and appearance very much like the 
IfralDS of rye, are enclosed In a capsule, and fall directly to the ground, un- 
like those or the thistle, which may be blown away. 

The length of time from the first appearance of the blossoms nntil the 
lUlingof the first blossom is about eight days, but the heads or bails, sent 
out from individual shoots forming clusters, vary Id age and sliej so that 
the hone;-l}ear1ng Is continued from twenty to thirty duys. The season 
and length of time of blossoming may be extended by cutting back por- 
tions of tbe plant, thereby forming fresh blossoms and supplies. The 
plant Is hardy, easily propagated and grows In any soil, even clay If not 
too wet, In which case It will leaf oat the same as wheat or other crops. 
It can be planted In waste places. In drill, or on hill -sides like cotton seed, 
and seems to take possession of the soil, exterminating all weeds and 
other vegetation. The plant has been grown In various soils throughout 
tbe United States and Canada during the last two years, and In all cases 
success folly. 

Its value to the honey- producer seems beyond all question, as by actual 
count tbe nnmber of bees that visited a slugle head Irom 6 o'clock a. u. to 
7 o'clock p. M. was two thovtaad one hundred and thirly-Jtve, the blossoms 
of one plant of thirty heads furnishing supplies for over stzty-four thousand 
bees. 

In 188S, In an apiary of some U9 colonies, tbe bees made an excellent 
showing In the hives' fi'om this plant, all other resources for honey gather- 
ing being destroyed by the severe drought. The honey In alt cases Is pro- 
nonnced of snperlor quality. 
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Fboducts fbok the homkt-plant asKD. By F. S. Fkasb, BoflUo, K. T. 

[ABBTR10T.] 

Tbk seed wu obtained from the hOD«j-pUDt grown by EL Cbapnun. 
This seed yields an oil or peculiar properties, of pleasant odor, and not 
anpleuant taste. 

There are about 27,000 honey-plaut seeds In one pound, and one ponod of 
tble seed, even it ben pressed in a crude way, yields four and one-quan«r to 
four and ono-half ounces of oil, a tingle grain of seed, pressed In a pair of 
pincers showing the yield of oil. 

Compared with linseed, tlie coramerclal welghtof wblcb ts fllly-six poands 
to the buHhel, ibe yield is two gallons of oil, or twenty-eight pounds to 
one gallon of 120 onnces. Twenty-eight pounds of the honey-plajit seed 
with Improved crashers, ahonld yield roar and ooe-baif ounces to the poDDd, 
or 126 UDoces against 120 ounces of llnaeed. 

The Bpeclflc gravity of the honey-plant oil Is 21|°. Beanme Unseed oil 
being 20° and unbleached cotton-seed oil 22°. 

The oil shows no acld-reactlon aFter an exposure of twelve montfaa to 
the air, and resembles poppy-seed oil in many respects with far less tIs- 
coslLy than either poppy or rape-seed oil. The flash and Ore teat show 
wonderroi reanlta, and are very high, bnt few oils eqaalllng It. 

The flrst flash occurred at US' F. and a very light flash compared with 
other oils, every flve degrees to 616° F. the Are test, — bnt not permanent, 
boiling lightly at 600° F. At this high test, the boUed oU changes color 
to a dark garnet, but unlike Unseed oil, which becomes a vamlsh, the odor 
Still remained pleasant at this heal. It stands a test of lero — Cf cold 
without change. 

From tbe crude experimental test mode, we are led to believe that this 
new oil from the bopey-ptant seed possesses a commercial value equal to 
any of the seed oils, and superior to many, and we expect to see it classed 
as a burning, a lubricating and a salad oil for culinary naea, also for ar- 
tists' and painMrs' use. The residuum, or cahe, left after the oil has beeo 
pressed out, seems to possess a medicinal property of aome kind. To the 
taste. It is Intensely bitter like quinine. At present we do not know what 
Its medicinal properties are. Linseed produces two products, both Ta1a< 
able, tbe oil and tbe cake. The honey-plant seed, two also, that may prove 
as valuable, a nectar for the bees, and a new-oU, and also a third product 
from the residuum after the oil Is eztrscled, which we believe wilt prove 
a very important one, and be of more value than either nectar or oU. 

The literature on the plant Is very meagre, It being mentioned only In a 
French botanical work published In 1682, one year later than the discovery 
of the plant In this conntry, and there Is no mention of Ita being an oil* 
bearing plant. 
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SoMK MOTis OH AmkriOak ROBES. By Seiucmo Watsom, Botanic Oftrden, 
Cambridge, Haas. 
Tbk pftper coDBlsUd of & brief characterization of the species of Nortli 
American rosea. 

A oouFASisoK or tbi kpiduihal ststku of plants. B; Prof. W. J. 
Bkil, Agrlcoltural College, Mich. 



Tbk floba of the Ahbot clays. By Frof J. 8. Nbwbxrrt, Columbia 
College, New York, N. T. 
[The sabs tsDCfl of this paper is given in tbeBalletlnof the Torry Botan- 
ical Clab, for March, 1S86.] 

A STODT OF SlLFBimi PXRFOLUTDH AMD DiPSAOUS LACIKIATUS IM RK- 

OAKD TO msRCTB. By Prof. W. J. Bbal, and C. E. St. John, Agrl- 
cultaral College, Hich. [Printed In Aill in Botanical Gazette (Or 
Not ember, 1687.] 

HoRi^oLoaT or the legs of htmenoptekol's imsbcts. By Prof. A. J. 
Cook, Agricaltoral College, Mich. 

Ok the MOKPHOUMIT OF THB SKULL, AND TBE BVOLUTIOIT OF THE 

ICHTBTOPTEUTQu. 3j Dr. Geokqe Bads, New HaTcn, Conn. 



On the morphqloot of thb Bibs. By Dr. Qeorqe Baor, New Haven, 
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A BEVIBW OF THE DATA FOB THS STUDY OF TEE 
PBEHISTORIO CBSONOLOOY OF AMEBICA. 



Garli in this century the doabt was expressed by Alexander 
-von Humboldt whether itis philosophical to inquire into the origin 
of any of the human races or sub-species. Although he expressed 
this doubt with particular rererence to the American race, I believe 
I am right in assuming that the hesitancy he felt in pushing in- 
quiry BO far, should now disappear in view of new methods of re- 
searchand a wider range of observations on which to found opinions. 
We may not, in fact we shall not, be able to trace the American or 
any other sub-species directly back to its origin in place or time ; 
but by reviewing alt the data which have been offered insolation of 
such a problem, we may perceptibly narrow the question, and also 
estimat« the relative value of the means proposed. It is to such a 
review, applied to the American race, that I now invite your atten- 
tion. 

The prehistoric antiquity of America dates back fi^om the ex- 
ploration of the continent by the Europeans. It is therefore not 
the same in all pailis ; but in this respect we merely follow the anal- 
ogy of European archteology, which also is obliged to begin its 
studies of prehistoric times from different dates. A savage tribe ■ 
enters history when its records first become preserved in writing, 
and alt time anterior is {ts prehistoric period. To reconstruct the 
story of its life, its growth, its migratious and actions during 
the indefinitely long lapse of years before it appears in history is 
the task of the archfeolc^st. I propose to examine, so far as this 
task refers to America, what means have been suggested for ac- 
complishing it, and what they are worth. In such a wide sorrey 
;ou must pardon the unavoidable superficiality of treatment. 
C288) 
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The data upon tvliich tlieories of the antiquity, the genealogy 
and the aflSnities of this race have been constructed are Taried. 
For convenience of treatment I shall class them under six beads. 
They are : 

I. Legendary, including the traditions of the natire tribes and 
their own statement of their history. 

II. Monumejiial, where we faave to do with those structures 
whose age or character seems to throw light on the question. 

III. Industrial, under which heading we may inquire as to the 
origin of both the useful and the decorative arts in the New World. 

IV. Linguistic, broaching the immense and important qnestiona 
as to the diversity and nillnities of languages. 

V. Physical, which takes into consideration the anatomic and 
morphologic peculiarities of the American race ; and finally 

VI. Qeologic, where its position in the geologic horizons is to 
be determined, and the influence npon it of the physical ge<^r^y 
of til e continent. 

Legendary. Turning to the first of these, the legendary data, I 
confess to a feeling of surprise to discover that very learned schol- 
ars sliould still hold to the opinion that the native tribes, even 
some of the most savage of them, retain to this day traditions 
which they had brought from their supposed Asiatic homes. Thus 
the learned missionaries, Bishop Henry Farand and the Abb£ 
Emile Petitot, both entirely familiar with the Cree and the Atha- 
poskan languages and lore, insist that the myths and legends of 
these tribes bear such strong resemblances to the Semitic tradi- 
tions that both must have had a common origin. No one can deny 
the resemblance ; but the scientific student of mythology discovers 
such identities too frequently and at points too remote, to ask any 
other explanation for them than the common nature of the human 
mind. 

The question has been often raised how long a savage tribe, ig- 
norant of writing, is likely to retain the memory of past deeds. 
From a great many examples in America and elsewhere, it is prob- 
able that the lapse of five generations, or say two centuries, com- 
pletely obliterates all recollection of historic occurrences. Of 
course, there are certain events of continuous fnfiuence which may 
be retained in memory longer : for example, the federation of prom- 
inent ti'ibes ; and perhaps a genealogy may run back farther. My 
learned friend, Dr. Boas, informs me that some tribes on Vancon- 
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ver*s Island pretend to preaei-ve their genealogies for twelve or 
fifteen generations back ; but be adds that the lemoter names are 
clearly of mythical purpoit. 

It appears obvious that all efforts to establish a prehistoric chro- 
nology on the legends of savage tribes, are and must be vain. 

Xhe case is not much better with those serai- civil! zed American 
nations, the Mayas and Naliuas, who possessed a partially phonetic 
alphabet, or with the Qiiichuas, who preserved their records by the 
ingenious device of the quipu. Manco Capac, the alleged founder 
of tbe Peruvian state, floats before us as a vague and mythical 
figure, though be is placed in time not earlier than the date when 
Leif the son of Eric anchored his war-ship on the New England 
coast. Historians are agreed that tbe long lists of Incas in the 
pages of Montesinos, extending about two thousand years anterior 
to the Conquest, are spurious, due to the im^ination or tlie easy 
credulity of that writer. 

Xhe annals of Mexico fare no better before the Src of criticism. 
It is extremely doubtful that their earliest reminiscences refer to 
any event outside tlie narrow valley parcelled out between tbe 
petty states of Tenocbtitlan, Tezcuco, and Tlacopan. The only 
fact that bears out the long and myaterious journey from the land 
of tbe Seven Caves, Chicomoztoc, in the distant northwest, by the 
great water, is that tbe learned and indefatigable Busclnoanu iias 
conclusively shown that the four languages of Sonora and all the 
dialects of the Shoshonian family reveal marks of continued and 
deep impressions of the Nahuatl tongue. But tbe chronicles of 
Mexico proper contain no fixed date prior to that of the founding 
of the city of Tenocbtitlan, in the year 1325 of our era. 

I am aware that there are still some writers who maintain that 
both the Mexican and the Maya astronomic cycles assume a com- 
mencement for their records centuries, even thousands of years, 
before the beginning of our era. These opinions, however, have 
not obtained the assent of other students. We are too ignorant 
both of the astronomy and the methods of writing of tliese nations 
to admit such claims ; and tbe facts advanced are capable of quite 
Other interpretation. 

It is, on the whole, rare for the American tribes to declare them- 
selves autochthonous. Tbe Mayas, on the peninsula of Yucatan, 
stated that their earliest ancestors came there from beyond the 
seas, some from the far east, others tVom the west. So tlie Toitecs , 
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under Qnetz&Icoatl, were fabled to have entered Mexico from bt- 
fODd tbe Eaetern Ocean. Tbe Creeks and Choctaws pointed to tht 
west, the Algonkine generally to the east, as their primal honw. 
These legends are chiefly my Ihical, not mucli tnier tliau those of 
other ti'ibea who claimed to have climbed up from some under- 
world. Sifting them all, we shall find in them little to enlighten 
us as to the prehistoric chronology of the tribes, tlioogh they may 
furnish interesting vistas in comparative mythology. 

That in which we may expect the legends of tribes to be of mori 
avail is their later history, tbe record of their wars, migratioui 
and social development within a few generations. Tbe spirit c^ 
the uncivilized man is, however, very careless of the pasL We 
have means of teating the exactness of such traditions in some 
instances, and the result is rarely such as to inspire confidence io 
verbal records. Those of you who were present at the last meet- 
lug will remember how diversely two able students of Iroquois tra- 
dition estimated its value. Even when remarkable events are not 
forgotten, the dates of their occurrence are generally vague. The 
infei-ence, therefore, is that very few data, dependent on I^endary 
evidence alone, can be accepted. 

Monumental. When we turn to the monumental data, to the 
architecture and structural relics of the ancient Americans, we 
naturally think first of the imposing stone-built fortresses of Peru, 
tlie massive pyramids and temples of Tucatao and Mexico, and 
the vast brick-piles of the Pueblo Indians. 

It is doubtful if any of these notable monuments supply prehis- 
toric dates of excessive antiquity. The pueblos, both those now 
occupied and the vastly gi-eater number whose ruins lie scattered 
over the valleys and mesas of New Mexico and Arizona, were 
constructed by the ancestors of tbe tribes who still inhabit that 
region, and this at no distant day. Though we cannot assign ex- 
act dates to tbe development of this peculiar civilization, there are 
abundant reasons, drawn from language, physical geography and 
the character of the architecture, to include all these atracturea 
well within the period since the commencement of our era. 

There is every reason to suppose tliat the same is true of all the 
stone and brick edifices of Mexico and Central America. Tbe 
majority of them were occupied at the period of the Conquest; 
others were In process of building, and of others the record of 
the date of their construction was clearly in memory and was not 
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dist&nt. Thns, the famous temple of HuitzilopochtU at Teooch- 
titlan, and the spacious palace — or, if you prefer the word "com- 
maoal honse" — of the ruler of Tezcnco, bad been completed with- 
in the lifetime of many who met the Spaniards. To be snre, 
even then there were once famous cities fallen to rain and sunk to 
oblivion in the tropical foreats. Snch was Falenqne vhidi could 
not have failed to have attracted the attention of Cortes had it 
been inhabited. 

Sacb also woe TBo, on the site of the present City of M^rida, 
ITucstan, where the earliest explorers fonnd lofty stone monnds 
Hud temples covered with a forest as heavy as the primitive 
growth around it. But tradition and the present condition of 
Bach of Uieee old cities, as have been examined, unite in the prob- 
ability that they do not antedate the conquest more than a few 
centuries. 

In the opinion of some obscrvere, the enigmatical ruins on the 
plain of Tiahnanaco, a few leagues f^om the shore of Lake Titi- 
caca, in Pern, carry us far, very far, beyond any each modern date. 
" Cven the memory of their buildera," says one of tbe most recent 
viators to these marvellous relics, General Bartolomg Httre, *' even 
their memory was lost thousands of years before the discovery of 
America." 

Snch a statement Is neither more nor less than a confession of 
ignorance. We have not discovered tbe period nor tbe people con- 
cerned in the ruins of Tiahoanaco. It must be remembered that 
they are not the remains of a populous city, but merely the foun- 
dations and beginnings of some vast religious ediflce which was 
lel^ incomplete, probably owing to tbe death of the projector or 
to unforeseen difficulties. If this is borne In mind-, much of the 
obscurity about the origin, tbe purpose and the position of these 
structures will be removed. They do not justify a olium to an age 
thousands of years before the Conquest ; hundreds will suffic 
Nor is it necessary to assent to the opinion advanced by Gieneval 
Mitre, and supported by some other archseologists, that the most 
ancient monuments in America are those of most perfect con- 
struction, and, therefore, that in this continent, there has been, in 
civilization, not progress but failure, not advance but retrogres- 
sion. 

Tbe nnoertainty which rests over the age of the structures at Tia- 
hnanaco is scarcely greater than that which still shrouds the origin 
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of the mounds and earthworks of the Ohio and Upper Mississippi 
Talteys. Yet I venture to say that the opinion is steadily gaining 
ground that these interesting memorials of vanished natioDS aie 
not older than the medieeval period of European histoiy. The 
condition of the arts which they reveal indicates a date that tc 
must place among the more recent in American chronology. The 
simple fact that tobacco and maize were coltirated plants is eyi- 
dence enough for this. 

There is, however, a class of monuments of mnch greater an- 
tiquity than any I have mentioned. These are the artificial shell- 
heaps which are found along the shores of both oceans and of 
many rivers in both North and South America. Tbey oorrespond 
to the kitchen -middens of European arclueol<^y. 

In several parts of the continent they have been examined by 
competent observers and the question of their antiquity approxi- 
mately ascertained. I need not say this differs widely, for these 
refuse heaps of ancient villages or stationa were of course begnn 
at wide intervals. Those along the coast of Maine, as reported 
upon by Frof. Jeffries Wyman, did not yield the bones of any ex- 
tinct animal, although the presence of the remains of the great 
auk, now found only in the arctic regions, speaks for a condition 
of climate different from that obtaining at present. There is one 
fact, however, which must be borne in mind in examining the shell- 
heaps of Maine and of other localities immediately bordering the 
ocean. The shores of that state have been steadily yielding to the 
encroachment of the waves, and therefore the most ancient shell- 
heaps may reasonably be supposed to have been washed away. 

The same observer, Professor Wymau, assigns a vastly greater 
tLge to the maritime shell-heaps of Florida. 

Further to the south, in Costa Rica, Dr. Earle Flint has exam- 
ined the extensive artificial shell deposits which are fouod along 
the shores of that republic. They are many feet in height, covered 
by a dense forest of primeval appearance, and are undoubtedly of 
human origin. He does not hesitate to assign to them an age of 
20,000 years, but I have not learned whether they contain the re- 
mains of extinct species. 

In Brazil such shell-heaps are called sambaguia, and they are of 

frequent occurrence along the bays and inlets of the coast, ijome 

of them are of extraordinary dimensions, rising occasionally to 

' more than a hundred feet in height. The lower layers have been 
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consolidated into a firm, stony breccia of Bhells and bones, while 
the surrace stratum, from six to ten feet tliick, is composed of sand 
and vegetable loam, supporting a gronth of the largest trees. 
"Yet even the lowest layers of tbia breccia, or shell- con glomerate, 
yield tokens of human industry, as stone axes, flint arrowheads, 
chisels, and ft^agmente of very rude pottery, as well as human 
bones, sometimes split to extract the marrow. The shells are by 
no means all of modern type. Many are of species now wholly 
extinct, or extinct in the locality. This fact alone carries us back 
to ao antiquity wliich must be numbered by many thousands of 
years berore our era. At that remote period not only did a fish- 
ing and hunting race dwell along the Brazilian coast, but this rac& 
was fairly advanced on the path to culture, it was acquainted with 
pottery, with compound implements, and with the polishing of 
stone. We further know that this race was not that which occu- 
pied the land when the whites discovered it ; for the human skulls 
disinterred from the sambaquis are, craniologically, almost dia- 
metrically opposite those of the Botocudos and the Tupis. Yet if 
we can trust the researches of Dr. Lund in the caverns of Braail, 
the oldest skulls in these deposits, found in immediate connection 
with the bones of extinct mammalia, belonged to the ancestors of 
these tribes. Markedly dolichocephalic,' they present an entire 
contrast to the brachy cephalic type fi-om the sanibaqnia. 

This class of monuments, therefore, supply us data which prove 
man's existence in America in what some call the diluvial, others 
the quaternary and others again the pleistocene epoch, that chaf- 
actetized by the presence of extinct species. 

Industrial. Let us now turn to the industrial activity of the 
American race, and see whether it will furnish us other data con- 
cerning the prehistoric life of the New World. We may reasona- 
bly look in this direction for aid, since it is now universally con- 
ceded that at no time did man spring into being fully armed 
and equipped for the struggle for existence, but everywhei-e fol- 
lowed tlie same path of painful effort from absolute Ignorance and 
alter feebleness to knowledge and power. At first, his only weap- 
ons or tools were such as he possessed in common with the anthro- 
poid apes: to wit, an nnshapen stone and a braken stick. Little 
by little, he learned to fit his stone to his hand and to chip it to an 
edge, and with this be could sharpen the end of bis stick, thus 
providing himself with a spear and an axe. 

A. A. A. B. VOL. XXXVI 19 
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It was long before he learned to ehape and adjast the stone 
to the end of the stick, and to hurl tliis by meana of a cord at- 
tached to a second and elastic stick, in other words, a. bow ; still 
longer before he discovered the art of polishing and boring stones 
and fashioning clay into vessels. These simple arts are landmarks 
in the progress of the race : the latter divides the history of coltnre 
into the palteolithic or rough etone period ; and the neolithic or 
polished stone period ; while the sliaping of a stone for attachment 
to a handle or shaft marks the difference between the period of 
compound implements and the early period of simple implements, 
both included in the older or palseolithic age. With these princi- 
ciplea as guides, we may ask how far back on this scale do the in- 
dustrial relics in America carry us? 

I have spoken of the great antiquity of some of the American 
shell-heaps, how they cany ns back to the diluvial epoch, and that 
of numerous extinct species. Tet it is true that in the oldest 
hitherto examined in Brazil, Guiana, Costa Bica and Florida, 
fragments of pottery, of polished stone, and compound implements 
occur even in the lowest strata. Venerable though they are, they 
supply no date older than Vhat in Europe we shoald call the neo- 
lithic period. The arrowheads which have lieen exhumed from the 
loess of the ancient lakebeds of Nebraska, and the netsinkers and 
celts which have been recovered from the auriferoos gravels of 
California, prove by their form and finish that the tribes who fash- 
ioned them bad already taken long strides beyond the culture of 
the earlier palaeolithic age. The same is true, though in a less 
degree, of the chipped stones and bones which Ameghino exhumed 
from the lacustrine deposits of the Pampas, although he proves 
that these relics were the products of tribes contemporary witii 
the extinct glyptodon and mylodon, aa well aa the fossil horse and 
dog. Id the very oldest station which he examined, there appears 
to have been found a quartz arrowhead ; yet he ai^es that this 
station dated from the pliocene division of the tertiary, long an- 
terior to the austral glacial epoch. This leaves another such open 
conSict between geology and the history of culture, as Professor 
Bau has already pointed out as existing in Califomian arclueol<^. 

The only station in America which has furnished an ample line 
of specimens, and among them not one, so far as I know, indics- 
ting a knowledge of compound implements, is that of the TrenWi 
gravels, New Jersey. There alone do we appear to be in face 
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of a stage of caltnre as primitiTe as that of the stations of Chelles 
and St. Acheal, in France, absolutely without pottery, without 
polished stone, without compound implements. 

Assuming that these post-glacial gravels about Trenton supply 
us the earliest authentic starting point in the history of culture on 
UiiB continent, the later developments of industry will Aimish us 
& number of other data. This first date was long before the ez- 
'tinction of the native American horse, the elephant, the mammoth, 
and other animals important to early man. There Is nothing un- 
likely therefore in the reported discoveries of his pointed flints or 
his bones in place along with the remains of these quadrupeds ; 
nor would it be surprising to And that he had scratched rudely 
their outlines on stones or bones, or imitated their forms in his uten- 
sils as did the savages of La Uadeleine. There is no a priori 
aj^ument against mastodon mounds or pipes ; their authenticity is 
merely a question of evidence. 

In a recent essay. Dr. Bichard Andree has shown by a wide col- 
lation of instances how readily even the least cultured savt^es turn 
to an imitation of natural objects by lines and colors. Drawing 
and painting were among the earliest acquisitions of man. Paint- 
pots and scratched bones are exhumed from deposits of the rein- 
deer ago in Europe, and in America scarcely a tribe but exhibited 
s taste for such amusements. 

It is not enough to stop by proving this. In these childish 
markings we note the infancy of the arts of sculpture and paint- 
ing. They contain the first chapters of the history of the ssthetio 
senses, of the efibrt to body forth in representations the concep- 
tions of the mind. To the extent that they display an apprecia- 
tion of organic symmetry of form, and an approach towaixl the 
ideally beautifiil, they reveal those subtle and delicate perceptions 
which lead up to the highest levels of art. 

I should like to emphasize this point, hecanse collectors and 
arclueol(^istB are inclined to limit their attention to the relative 
degrees of mere technical skill displayed in the products of indus- 
try. There may, however, be really wonderful technical skill with 
a total absence of the idea of the beautiful. Yet as a test of na- 
tional psychical endowments, the latter is infinitely the more indii^ 
ative. Compare one of those figurines from Tenagra in Boeotia 
with a Chinese god elaborately chiselled from ivory or bronze : 
the one is a hurriedly moulded toy of clay, the other the labor of 
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painful years ; but the former reveaU a poteatiality in the D»tioa 
which deaigned it far beyond the possibilitiea of the latter. In 
preliisloric ait the germs of the senae of symmetry, of ideal beanty, 
in outline and form, offer us data by nhiob ne can measure the 
psychical development of tribes more accurately than by auyotlm 
objective test. 

Not only the form but the material of implements supplies ns 
data. If man in his earliest stages, was, as some maintain, qoitc 
migratory, it is certain that lie did not carry his stone implements 
with him, nor did he obtain by barter or capture those of other 
tribes. All tbe oldest implements are manufactured from the rocka 
of the locality. When, therefore, we find a weapon of a material 
not obtainable in the vicinity, we have a sure indication that it be- 
longs to a period of development considerably beyond the earliest. 
When the obsidian of the Yellowstone Park is found in Ohio, when 
the black slate of Vancouver's Island is exhumed in Delaware, it 
is obvious we must assume for such extensive transits a very notice- 
able cesthetic and commercial development. But what shall we say 
whentbejade of an implement from Central America is pronounced 
identical with that ft-om Central Cliina, or the copper of a chtsd 
from Ohio is asserted to have I>een derived from Peru? We mast 
hold our judgment in suspense till this identity is proved. 

I can but touch in the lightest manner on the data ofi'ered by 
the vast i-ealm of indnstrtal activity. The return it offers is abun- 
dant, but the harvesting delicate. In the dissemination of certua 
arts, certain inventions, certain decorative designs and cesthetic 
conceptions from one tribe to another, we have d most valuable 
means of tracing the prehistoric intercourse of nations: but we 
must sedulously discriminate such borrowing from the synchi'ononi 
and similar development of independent culture under like condi- 
tions. 

In one department of industry we shall be largely free from this 
danger, that is, in the extension of agriculture. One of America's 
ablest ethnologists, Dr. Charles Pickering, as tbe result of a life- 
time devoted to his science, finally settled upon the extension of 
cultivated plants as the safest guide in the labyrinth of prehistorio 
migrations. Its value is easily seen in Amenca when vre reflect 
that the two tropical plants, maize and tobacco, extended th«r 
area in most remote times from their limited local habitat about 
the Isthmus of Tehuantepec to the north as far as the St. Lawrence 
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river and to Hie south qaite to the ArckIt>elago of Chiloe. Their 
presence is easily traced by the atone- or earthen-ware implements 
required for their nse. How many ages it mnat have required for 
these plants to have thus extended their domain amid hostile and 
savage tribes through Are thousand miles of space ! 

The squash, the bean, the potato and the mandioca are native 
food plants offering in a less degree similar material for tracing 
ancient commerce and migration. Humboldt and others have 
claimed as much for tbe banana (Muga paradiataca), but the re- 
cent researches of Dr. Karl von den Steinen have removed that 
valued fruit from the list of native American plants. Both species 
of tmnana {M. paraditiaca and M. Bapientium) were undoubtedly 
introduced into the New World after the discovery. Indeed, snm- 
ming up the reply to an inquiry which has often been addressed 
to the industrial evolution of the indigenes of our continent, I 
should say that they did not iMrrow a single art or invention nor a 
single cultivated plant from any part of the Old World previous 
to the arrival of Columbus. What they had was their own, de- 
veloped from their own soil, tbe outgrowth of their own lives and 
needa. 

Linguistic. This individuality of the race is still more strongly 
expressed in their languages. You are all aware that it ia upon 
linguistic data almost exclusively that American ethnology has 
been and must be based. The study of the native tongues be- 
comes therefore of transcendent importance in the prehistoric 
chronology of the Continent. But to obtain its best results, this 
study must be conducted in a much more thorough manner than 
has hitherto been the custom. 

In America we are confronted with an astonishing roultipiicity 
of linguistic stoclts. They have been placed al about eighty in 
North and one hundred in South America. It is stated that there 
are that many radically diverse in elements and structure. To 
appreciate the vista in time that this fact opens to our thoughts, 
we must recognize the tenacity of life manifested by these tongues. 
Some of them have scores of dialects spoken by tribes wandering 
over the widest areas. Taice the Athapascan or Tinn^, for exam- 
ple, found in its greatest purity amid the tribes who dwell on the 
Arctic sea, and along the Mackenzie river, in British America, 
but also the tongue of the Apaches who carried it almost to the 
valley of Mexico. Tbe Algonkin was spoken fVom Hudson Bay 
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to the Savuinnli river aod tmm NewfoaDdland to the Bodtv 
Monntaina. Tbe Gnarani of the Bio d« la Plata onderlies dialecti 
'wbich were carrent as far north as Florida. 

How, then, In spite of such tenacity of American lanj^agei 
have ao many stocks come into existence? This was the qaestion 
which my predecessor in this chair last year nndertook to answer. 
His suggestions appear to me extremely valuable, and only in one 
point do I widely differ from him, and that is, in the length of 
time required for tbese numerous tongues to be originated, to sever 
into dialects and to be carried to distant regions. According to 
the able linguist, Doctor Stoll, the difference which ia presented 
between the Cakchiquel and Maya dialects could not have ariseu 
in less than two thousand years ; and any one who has carefully 
compared the earliest grammars of an American tongue with its 
present condition will acknowledge that the changes are aurpris- 
ingly few. To me the exceeding diveraity of languages in Amer^ 
ica and the many dialects into which these have split, are oogent 
proofs of the vast antiquity of the race, an antiquity stretching 
back tens of thousands of years. Nothing less can ezplun these 
multitadinons forma of speech. 

Underlying all these varied forms of expression, however, I 
think futnre investigation will demonstrate some curious idenUties 
of internal form, traits almost or entirely pecaliar to American 
languages, and never quite absent from any of them. 

Such was the opinion of the two earliest philosophical invesU- 
gatoraof these tongues, P. 8. Duponaceau and Wilhelm von Hum- 
boldt. They called these traiu polpayjUheaia and incorporolioa, 
and it was proposed to apply tbe term incorporo^tve as a distin- 
guishing adjective to all American languages. Of late years this 
opinion has been earnestly combatt«d by M. Lucien Adam and oth- 
ers ; but my own stndies have led me to adopt the views of the older 
analysts againat these modem criUcs. I do not think that the 
student can compare any two stocks on the continent without be- 
ing impressed with the resemblance of their expression of the 
relations of being, through the incorporative plan. 

Along with this identity of plan, there coeziats tbe utmost inde- 
pendence of expression. An American language is oeually per- 
fectly transparent. Nothing is easier than to reduce it to its 
ultimate elements, ita fundamental radicals. These are few in 
numbers and inteijeotional in character. Tbe Athapascan, the 
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A.lgonkiD, to whose vide extensioD I have already referred, have 
beea reduced to half a dozen particleB or sounds expressive of the 
simplest conceptions. Upon these, by combination, repetition, 
Imitation and other such processes tbe astonishing structure of the 
toDgne has been erected, every portion of it displaying the mech- 
anism of its origin. It is this transparency which renders these 
tongues so attractive to the philosophic student of human ex- 
pression, and so valuable to him who would obtain ttom them the 
record of the progress of the nation. 

A thorough study of such a language would embrace its mate- 
rial, its formal and its psychologic contents. Its material ele- 
ments include the peculiarities of its vocabulary : for ezampLe, its 
numerals and tbe system they indicate, its words for weights and 
measures, for color and direction, for relations of consanguinity 
and affinity, for articles of use and ornament, for social and do- 
mestic conditions and the like. Few studies of American lan- 
guages go beyond this material or lexicographic limit ; but in truth 
these are merely tbe externalities of a tongue, and have nothing 
to do with linguistic science proper. This concerns itself with tbe 
forms of the language, with the relation of parts of speech to 
each other and to the sentence, and with the historical development 
of the grammatical categories. Beyond this, again, is the deter- 
mination of the psychical character of the tribe through the forms 
instinctively adopted for the expression of its thoughts, and re- 
ciprocally the reaction exerted by these forms on the later intel- 
lectual growth of those who were taught them as their only means 
of articulate expression. 

These are data of the highest value in the study of prehistoric 
time, but so far as America is concerned, I could name but very 
few scholars who have pursued this promising line of research. 

Fiiy»ical. Much more attention has been paid to the physical 
than the linguistic data of tbe native Americans, but it may freely 
be said, with not more satisfactory results. This failure is partly 
owing to the preconceived notions which still govern the study of 
ethnology. Linnseus ofi'ered the cautions division of the human 
species into races named from tbe five great get^apbical areas it 
inhabited ; Blumenbach pointed out that this roughly corresponded 
with the division into five colors, the white, black, yellow, brown 
and red races occupying respectively Europe, Aftica, Asia, Poly- 
nesia and America. Unfortunately, Cuvier chose to simplify this 
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scheme, by merging tlie brown and red rftces, the Polynesian or 
MaUyan and the Amei-tcan, into the yellow or Mongoliaa. Tb« 
latest writers of the French school and I am sorry to add Tsrioue 
Americans servilely follow this groandlesB rejection o( the oidtx 
scheme, and speak of Malayans and Americans alike as HongoU- 
ans or Mongoloids. Neithei in language nor ethnic anatomy is 
there any mora resemblance than between whites and Mongolians. 

It is gratifying to see that the more accurate German investiga- 
tors decidedly reject the blander of Cuvier, and declare that the 
American race is as independent as any other of those named. 
Thus Dr. Paul Ehrenreich who has lately published an admirable 
monograph on the Botocndos of Brazil, a tribe often quoted for 
Its so-called <' mongoloid" aspect, declares that any snch assertion 
must be contradicted in positive terms. Both in osteology and 
anatomy, in formation of the hair and shape of the skull, the dif- 
ferences are marked, permanent and radical. 

What is true of the Botocudos is not less so of the other Amer- 
ican tribes which are claimed to present Mongolian traits. Such 
assertions are based on the superQcial observations of travellers, 
most of whom do not know the first principles of ethnic anatomy. 
This ia sufficiently shown by the importance they attach to the ob- 
lique eye, a slight malformation of the akin of scarcely any weight. 

The anatomy and physiology of the various American tribes 
present, indeed, great diversity, and yet, beneath it all, is a really 
i-emarkable fixedness of type. We observe this diversity in the 
shape of the skull, which may be, as among the Botocudos, strictly 
dolichocephalic, while the Araucanians are hraohycephalic ; the na- 
sal index varies more than in the extremeat members of the white 
race ', the tint of the skin may be a dark brown with an nuder color 
of red, or of so light a hne that a blush ia easily perceptible. The 
beard- is usually absent, but D'Orbigny visited a tribe who wore 
it full and long. The height varies from an average of six feet 
four inches for adult males in Patagonia to less than five feet among 
the Warraus of Guiana ; and so it is with all the other traits of the 
race. There is not one which is not subject to extensive variation. 

On the other hand, these variations are not greater than can be 
adduced in various members of the white or black race. In spite 
of them all, there is a wonderful family likeness among tribes of 
American origin. No observer well acquwnted with the typa 
would err in takiog it for another. Darwin says that the Fue- 
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gians so closely resemble the Botocudoa that they seemed mem- 
bers of the snme tribe. I have seen Arawacks from Guiana vrho 
In the northwest would have passed for Sioux. 

In spite of the total dissimilarity of climate and otiier physical 
surrouadings, the tribes of the tropics differ no more from tliose near 
the Arctic circle than they do among themselves. Tbia is a striking 
lesson how independeot of environment are the essential charac- 
teristics of a race, and it is a sweeping refutation of those theories 
-which make such characteristics dependent upon external agencies. 
A atill more remarkable fact has been demonstrated by Professor 
J , Kollmann of B&le : to wit, that the essential physical identity of 
the American race is as extended in time as it is in apace. This 
accurate stndent has analyzed the cranioscopic formulas of the 
most ancient American skulls, those from the alleged tertiary de- 
posits of the Pampas, those from the caverns of Lagoa Santa in 
Brazil, that obtained from Bock Bluff, Illinois, the celebrated Cal> 
averas sknll from California, and one from Pontemelo in Buenos 
Ayresofgeologicantlqnity. Hisresults aremostinteresting. These 
very ancient remains prove that in all important craniologic in- 
dicise the earliest Americans, those who were contemporaries of the 
fossil horse and other long since extinct quadrupeds, possessed the 
same racial character as the natives of the present day, with similar 
skulls and a like physiognomy. We reach therefore the momentous 
conclusion that the American race throughout the whole continent, 
and from its earliest appearance in time, is and has been one, as 
distinct in type as any other race, and from its isolation protv- 
ably the purest of all in its racial traits. This Is a fact of the first 
oi'der in establishing its prehistoric chronology. 

Geologic. I have left the geologic data to the last as it is these 
which carry us witb reasonable safety to the remotest periods. 
No one who examines the evidence will now deny that man lived 
in both North and South America immediately after the glacial 
epoch, and that be was the contemporary of many species of ani- 
mals DOW extinct. As you are aware, the attempt has several times 
been made to fix the date for the final retrocession of the glaciers 
of North America. The estimates have varied from about 12,000 
years ^o up to 60,000, with a majority in favor of about 85,000 

There have also been various discoveries which are said to place 



n,g,t,7rJM,GOOglC 



398 BionoiT B. 

the haman species in America prerions to the appe&r&ooe of tiw 
glaciers. Some remains of hia indiiatcy have beoD reported fh»B 
interglaciai, others from tertjary deposits. Unfortanatel;, these 
finds have not been sofflcient or not of a character to convince the 
archaeologist. I have before adverted to the impossibility, for in- 
stance, of an archaeologist accepting the discovery of a finely pol- 
ished stone implement in a tertiaiy gravel, except as an intmsire 
deposit. It is a violent anachronism, which is without a parallel 
in other countries. Even the discovery of a compound implement, 
as a stemmed arrowliead, in strata of tertiary date, is, with onr 
present knowledge, quite out of the question. 

Although there are well recognized signs of glacial action in 
South America, it is not certain that the glacial epoch coincided 
in time in the two continents. That there was a reasonable ap- 
proximation is probable from the appearance of later deposits. 
We may suppose therefore that the habitable area of the New 
World was notably less at that period and that the existing tribes 
were confined to a much narrower space. This would force them 
into closer relations, and tend powerfully to the production of that 
uniformity of type to which I have before referred. 

We might also expect to discover in the tropical r^ons of 
America more frequent evidence of the primitive Americans than in 
either ten^rate zone. This has not been the case probably becanse 
the geologic deposits of the tropics have been less investigated. 
Throughout the West Indies there is an entire absence of palteo- 
lithic remains. Those islands were first peopled by tribes in the 
polished stone stage of culture. In the valley of Mexico human re- 
mains have been disinterred from a volcanic deposit of supposed 
tertiary age, and you have all heard of those human footprints 
which Dr. Earl Flint has unearthed in Nicaragua. These are found 
under layers of compact volcanic tufas, separated by strata of sand 
and vegetable loam. There can be no doubt of their human origin 
and of their great antiquity ; but no geologist need be informed of 
the difficulty of assigning an age to volcanic strata, especially in 
a tropical country, subject to earthquakes, subsidence and fioods. 

It would not be in accordance with my present purpose to ex- 
amine the numerous alleged finds of human remains in the strata 
of the tertiary and quaternary. All such flirnish data for the 
prehistoric chronology of America, and shoald be carefully scni- 
tinized by bim who would obtain further light upon that ohronol- 
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ogy. I mast hasten to Bome other constderKtion wbiofa toach the 
remote events to which I am now alluding. 

Since a comparison of the fhuoaof South America and Africa, 
&nd a Burrej of the se&<l)ottom between those continents have dis- 
pelled the dream of the ancient Atlantis, and relegated that land 
connection at least to the eocene period of the tertiary, no one 
c&n suppose the American man to have migrated from Africa or 
BOntbwestern Europe. For other and equally solid reasons, no 
emigration of Polynesians can be assumed. Yet zoologists, per- 
fectly willing to derive man tiom an anthropoid, and polygenista 
to the utmost, hesitate to consider man an autochthon in the New 
"World. There is too wide a gap between the highest monkeys 
and the human species in this continent. Discoveries of fossil 
apes might bridge this, but none such has been reported. 

If we accept the theory that man as a species spread from one 
primal centre, and in the higher plasticity of his early life sepa- 
rated into well defined racea which became nnatterably fixed not 
maoh later than the close of the glacial epoch — and this theory 
appears to be that now most agreeable to anthropologists — then the 
earliest Americana made their advent on this continent as immi- 
grants. This is our first fact in their prehistoric chronology ; but 
before we can assign it an accurate position on the scale of geo- 
logic time we must await more complete discoveries than we now 
have at our command. 

We mast also wait until our friends, the geologists, have come 
to some better understanding among themselves as to what took 
place in the pleistocene a^e. Tou have heard me talking freely 
about the glacial epoch and its extension in America ; but geol- 
<^Bts are by no means of one mind as to this extension, and a re- 
spectable minority of them, led by Sir J. William Dawson, deny 
the existence or even possibility of any continental glacier. What 
others point oat as a terminal moraine they explain to be "nothing 
bat the southern limit of the ice-dri(t of a period of submergence." 
It is clear that when we speak about the migration of the Amer- 
icaus at a time when the polar half of each continent was either 
covered with a glacier thousands of feet thick, or submerged to 
tliat depth beneath an arctic sea, we have to do with geographical 
conditions totally unlike those of to-day. I call attention to this 
ohvioas fact because it has not been obvious to all writers. 
In your arohieological reading you will rarely oome across a 
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prettier piece of theoretical history thaD Mr. Lewis A. Morgu'i 
description of the gradual peopling of the two Americas by trac- 
ing the lines or easiest subalgtence. He begins at the fi^y river? 
of the DOrthwest ooast, and follows the original colony which he 
assumes landed at that point, all the way to Patagonia and Flcmda. 
But how baseleBS becomes this vision when we consider the getg- 
raphy of America as it is shown by geology to have been at a pe- 
riod contemporary with the earliest remains of man ! We know 
to a certainty that the human race had already spread far and wide 
over boUi its continental areas before Mr. Morgan's lines of easiest 
nntrition had come Into existence. 

Properly employed, a etndy of those geologic features of a conn- 
try which determine its gec^apliy will prove of vast advantage in 
ascertaining the events of prehistoric time. These features ao- 
doubtedly fixed the lines of migration and of early commerce. 
Man in his wanderings has always been guided by the coarse of 
rivers, the trend of mountain chains, the direction of ocean cnr- 
rents, the position of deserts, passes and swamps. The railroad 
of to-day follows the trail of the primitive man, and the rivers 
have ever been the natural highways of nations. The theories of 
Morgan therefore remain true as theories ; only in their application 
he fell into an error which was natural enough to the science of 
twenty years ago. Perhaps when twenty years more shall hare 
elapsed, the post-tertiary geology of our continent will have heen 
so clearly defined that the geography of its different epochs will 
be known sufficiently to trace these lines of migration at the va- 
rious epochs of man's residence in the western world, from his 
first arrival. 

I have now set before yon, in a superficial manner, it is true, the 
Tarious sources from which we may derive aid in establishing ttie 
prehistoric chronology of America. I have also endeavored, to a 
limited extent, to express myself as to the relative value of these 
sources. None of them can be neglected, and itwill be only from 
an exhaustive study of them all that we can expect to solve the 
numerous knotty problems, and lift the veil which hangs so darkly, 
on all that concerns the existence of the American race before the 
sixteen th century. 

We are merely beginning the enormous labor which is before us ; 
we have yet to discover the methods by which we can analyze 
finitfully the facts we already know. But I look forward with the 



n,g,t,7rJM,GOOglC 



ADDBKea BT DANIEL O. BRIHTOK. 801 

utmost confidence to a rich return trom such investigations. The 

d&y is coming and that rapidly, when the prehistoric life of man 

in both the New and the Old World will be revealed to as in a 

'tbonsand unexpected details. We have bnt to turn backward 

about thirty years to reach a time when the science of prehistoric 

archfeology was utterly unknown, and its early gropings were 

jeered at as absurdities. Already it has established for itself a 

position in the first rank of the sciences which have to do with the 

highest of problems. It has cast a light upon the pathway of the 

haman race from the time that man first deserved his name dowa 

to the commencement of recorded history. Its conquests are but 

beginning. Year by year masses of new facts are brought to 

knowledge from unexpected quarters, current errors are corrected, 

and novel methods of exploration devised. 

As Americans by adoption, it should be our first interest and 
duty to study the Americans by race in both their present and past 
development. The task is long and the opportunity is fleeting. A 
century more, and the anthropologist will scarcely find a native of 
pure blood ; the tribes and languages of to-day will have been ex- 
tinguished or corrupted. Nor will the archeeologist be in better 
case. Every day the progress of civilization, ruthless of the mon- 
uments of barbarism, is destroying the feeble vestiges of the ancient 
race ; monnds are levelled, embankments disappear, the stones of 
temples are built into factories, the holy places desecrated. We 
have assembled heie to aid in recoveriug something from this wreck 
of a race and its monnments ; let me urge upon you all the need 
* of prompt action and earnest work. Inasmuch as the opportunities 
we enjoy will never t^ain present themselves in such fulness. 



n,g,t,7rJM,GOOglC 



jM,Googlc 



PAPBES BEAD. 



jEj-usnuTiTE MOTES GOMCRRinife thr Mimnuota Odjibwaa. By HIsa 
Frako E. Babbitt, Coldwater, Mich. 
[abstraot.] 
Tan O^JIbwos have manj bands living upon reaerratloDS Id northern 
Af Innesota. Tbe tribe la loosely subdivided npoD a territorial basis, tha 
Odjlbwas speaklnx of themselves as Devil's Lake Indiana, Red SWer In* 
dlans, Lake Superior JndUas, etc. When a division occnples an ezteuslve 
rtsgton, those Odjlbwaa congregating at particular points oC tt are dis- 
tinguished as a band. Such are the Cans Lake, HIlie Lacs, Leech Lake, 
"White Earth, and Win-Dl-bl-go-shlah bands of Miuoesota reepectiveiy. 
If large, the band has an ultimate segregation Into settlements. Besides, 
it comprises ao tndeflDlte number of chleftalacles, each of which Is ruled 
by its special civil chief. It has ftirthermore a cross division Into totems 
or clans. 

Ctoa ChU/laineUa. 
Let aa Instance partlcniarly In Bed Lake band living In the extreme 
north of the state, and seated about Bed Lake, and along Its fteders and 
oatlet. This band, of something like 1300 Odjlbwas all told, consists of 
aeven chieftaincies, Ave of which are strictly hereditary while two are of 
modem IV>nnatloD, the cbleft of the latter having attained their position 
throngh InHaence acqnired as so-called Headmen. However, one of these 
Dew-made rnlers having died, hts son succeeded to bis dignities la the 
regular manner. The authority of the chief Is based wholly in sentiment 
and convenience ', there Is no compulsion In the matter. Thus a diaaObcted 
or incommoded Bed Laker may abandon his chieftaincy and enter another 
at option. Tbe Bed Lake chiefs of 18B1 were named : — 

May.di«ay-ga-no-n[nd (He- wbo-ls- spoken. to), an aged man of excellent 
character and high standing among bis people. 

Little Rock, since dead, who united In his person the functions of grand- 
mediclne-man and chief. 
Little Thunder and Leading feather, modem chlefo. 
Crooked Arm, Praying Day, and Red Robe (Uols-ko-ifco.nla). 

War Chitfa. 
There Is no general civil chief of a band, a great dlTlsion, or a tribe. 
This statement does not Inclnde the war chleb. Tbe Bed Lake band was 
(808) 
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Id the daja of its primal Mvager; nnder the leadership of & single vu- 
chief Tbe last of these was May-ihuck-tt-osh (FaUfDg Wind), wbon» 
reputed to have taken with hts own hand qo leas than thirty-three Sioox 
scalps. He was of the Bear totem, to which alooe the OdJIbnas accord«l 
the distinction of leading la war. Let it be observed, la passing, tlui- 
Ma;-Ebuch-ie-Osh was the least possible tihe the Ideal warrior at tli« 
books, having a dlmlnntive person, delicate feet and hands, a pleasu: 
face, B soft murmuring voice, and subdued manners, tlla leaden ejes, 
however, were altogether Inscrutable. 

Totems oflht Btd Lake Odilbwai. 

The fbllowlng Is a list of the totems of the RvA Lakers, as nimbhed 
the writer b; Little Itock, ahled b; an edncated Odjlbwa lattj wbo is at 
once tboroughtf conversant with her tribal tongue, with English, and 
with the totem system.' 

Bald Eagle Eagle Lynx Snake 

Bear Eetpont Marten StnrgeoD 

Catdsh Elk Mermaid Wolf 

Crane Loon Moose Woodpecker. 

A Rabbit totem and a Klver totem arc also fonnd among the OrtJIbwas. 
but It was the belief of Little Rock that no representatives ot these were 
at that time, 1881, living at Ked Lake. 

The Bald Eagle and the EHgle are two quite diaUnct totems. 

The Loon clan was formerly a large one here. 

The Odjlbiva historian, Mr. Wm. Warren, tella us that In olden times, 
when the civil polity of the tribe was much mlied up with their religions 
and medicinal rites, "the totem of the Mong (Loon) ruled over tbem, and 
Musk-wa, or Btar totem led them to war." 

The Martens and next below them, tlic Bears, are held to be st present 
the two laryest of the Ited Lake clans. 

The term Mermaid embodies an Idea apparently so foreign to an aborig- 
inal and especially to an Inland tribe, that at flrst the writer refused to 
accept It as a correct exponent of ihe thing meant. However, Little 
Bock and Miss Warren Insisted upon the name, declaring It to mean with 
the natives what It does with us. Whether the mermaid myth was Indig- 
enous or Introduced remains to be decided ; but it Is stated by a. misslna- 
ary family named Ayer, who were stationed at Ked Lake many years ago, 
that the Indians then considered It to be haunted by mythical creature 
corresponding to the mermaids of civilized nations. There la no obvlooj 
reason. Indeed, why a folk who people earth, water, and sky, habltuallj, 
with Imaginary beings, might not Invent fish maidens for their flsh- abound- 
ing lakes. The fact remains, nevertheless, that the Idea may be a borrowed 

The Red Lakers continue to abhor marriage between persons of the 
same totem, regarding It much like one between brother and sister. A 

■ Sec Rid takt Svta, BuUatlD of the MinnesotB Acidcmr of Natural Sckoeat Su 
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jroung son of Maj*zbDck-it«-08b once arranged a union nltb a danghter of 
Rockjr Mountain, both of the Dear totem. To avoid eflfective opposition, 
the girt fled into the forest. The parents were iucouHOlable ; commnnitjr 
-was boirifled. Police finally restored the fugltire to tlie arms of her 
mother— in a very literal sense ; for Mrs. Rocky Mountain aoou reported 
at tbe agency, In scrap-English and nnlmpeacliable pantomhne, tliat she 
had beaten the bride-elect — beaten bard 1 beaten till the girl was good 1 
The Earth- PUt. 
The Minnesota Odjibwas excavate earth-ptta of two kinds; first such as 
are appropriated to domestic purposes ; second, those designed for use in 
'war. The liret sort, like i-imilai' ones among the Dakoias, serve as recep- 
tacles for tbe storage of food. Tbe lake Indians preserve their supplies 
of corn in granaries of this character. They are generally rectangular 
pits four or live feet in depth, having much the capacity of a large, deep 
trunk. Unlike tbe war-pits, they are formed witb a certain degi'ee of reg- 
ularity. The; have no facing, but when put to use are lined loosely with 
refuse material, like diied grass and flags, or discarded fragments of tbe 
rush mattings woven by the women. Tbey are fashioned in some suitable 
spot out-of-doors and, when fllled, are covered witb soil and what not, 
arranged to present a natural appearance. These secreted supplies are 
probably of tlie same description with those burled in pilgrim days by 
Massacbosetts Algonklns. Many of 'these Indians dismantle tbelrsummer 
lodges upon the shore, when the Ice becomes too tliick for tbu women to- 
fish with gill-nets, and retreat for tbe winter lo the shelter and nnlimlted 
fuel supply of the forest, while a family in which death has occurred, 
abandons and sometimes bums Its dwelling ; in both of which cases it is a 
convenience to have these little hoards quite distinct fcom tbe abode. 
WaT-Piti. 
Tbe Odjlbwa war-pits are Irregular cavities scooped oat with a design 
to protect or conceal tbe person, the work being often done, of course, 
under stress of immediate danger. A sronp of such defences existed, a 
few years ago, near Little Fails in central Minnesota, at a point where a 
bandful of Odjibwas had once waited attacic from a hostile party of their 
hereditary enemies, the Dakota^ or Slonx. These pits were long, sliaUow 
depressions, much like snuken graves in size and appearance. The mod- 
ern Algonkin, Blacic Hawk, had recourse to a similar expedient In a similar 
emergency, occurring in IMIS, when he and his few braves, retreating to a 
nataral sink-hole, dug pits In the sides of ttie bank with their knives. In 
order to protect themselves from the Are of the whites. 

Tbe Odjibwas, however, do not like tigbting upon an exposed plain 
necessitating such devices, but prefer the protection of forest growths, 
gIvlDg play to tbelr tribal dexterity In woodcraft. Tbey have a maxim 
that tbe Slonz conquer npon prairie lands, and the Odjibwas among trees. 
Mr. Daniel Gookln relates in 16TT that the New England Algonklns of his 
time ambushed in swamps, and that certain of them, appareled from tbe 
k. k. A. S. VOL. xxx\i. 20 
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walBt apwarda with green bonghs, were so dls^lsed " that oar EngU^ 
men could not readily discern them, or distinguish them from the nstoil 
bushes." 

Besides serving as ambascades and coverts for fighting men, such exca- 
TSUoDS were occasionally scooped out as a refuge for women and childia;. 
We have an Instance In point In notes of a Sloui-Odjlbwa fend, kind); 
furnished the writer by Mrs. Elizabeth Ayer of Minnesota, a veneiaJik 
lady who lived more than twenty years among the wild Odjihwas of tlie 
northwest as mlHslonary, and who had a much longer connection with the 
tribe as teacher and counsellor. A party of Odjlbwas, returning from a 
council held In 1841, at Fort Snelllng, perceived In the distance a ntooDted 
detachment of Sloui warriors crossing the plains toward their encamp- 
ment, and foresaw that they were to be attacked. The OdJIbwas occupied 
a position In the midst of a wide plain, where there was neither rock, Dor 
tree, nor shrub for shelter, and where the conformation of the surface 
afforded no protection. The women of this little party were Immeasora- 
bly distressed becanse of their exposure. In pnrauance of trlt>al custom, 
each began to dig in the soil a hole In whk^ to conceal her person, nsing 
for the purpose her hands, or a knife, or whatever else fell In herwmj. Be- 
fore they could eflbct their design, however, they were attacked by the foe 
and a bloody battle ensued. 

Mr- William Warren gives a curlons accoant of a like use of war-irits, 
handed down to him by a chief of Sandy Lake, the party concerned beh^ 
a remnant, afterward Incorporated with his own, of a people called the 
Hnn-du-aa. The direct descendants of this tribe were pointed ont to Mr. 
Warren, and were of the Marten totem. After fearful reverses, "the peo- 
ple fled into the forest," says tbe historian, "where they burled tbelr 
women and children In the ground, leaving them but a breatblug-hole. 
The men then returned and begnlled the pursuers, by leading them In a 
different direction. A few escaped who afterward returned and dog Dp 
their women and children." 

Cannibal PracUcet. 
The Odjlbwas believe that now and then an indlvldiud of the tribe ao- 
qnlres an appetite for hnman flesh, and becomes a conllrmed man-eater. 
They assert that the cannibal not only feasts upon the bodies of the dead, 
but sometimes gratifies his palate at the expense of human life. The mass 
of the people, however, utterly abhor the practice, and look upon those 
suspected of It as monsters of depravity. A very aged and decrepit mem- 
ber of tbe Red Lake band, known by the Indians as Old Fret, was consid- 
ered to be guilty of this atrocity and was held In extreme odium and snper- 
stltlous dread in consequence. The man had a disorder of the respiratory 
orgaoB which caused a sort of roaring sound when he breathed hard, of 
spoke. This phenomenon the natives attributed to the voices of the peo- 
ple whom he had eaten, speaking from bis stomach. The Indians did not 
willingly remain In his presence, but were carefn] to ollbr him no aflhmt, 
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and to Accede with alacrity to all hie little claims upon their attention. 
BveaMa;-ztiuck';fee-oeb waa accustomed to withdraw with marked treplda- 
tJon whenever the luBrm Old Fret presented himself. Hlstorlaos find a 
modlcam of fact In the heller thua illnatrated ; inasmuch as indlTidoal ren- 
egade Odjibwae have been convicted of cannibalism within historic times, 
yet It remains trae that the natives tn general repudiate It as an abomina- 
tion. 

There Is a single exception to the above statement, which Is based in the 
Odjlbwacreed that It makes one brave to partaSe of the flesh and blood of 
a warrior. Probabl]' the eastern Algonklns held to the same faith. It 
Is related In Drake's notes to Gookin that a certain New England Indian, 
sentenced to death, was repeatedly let down from the branch of a tree 
and drawn up again, when one of his dusky friends plonged a knife to his 
heart, and drank his blood, remarking : " Me stronger as 1 was before t 
Me strong as me and he too I" 

Mrs. Elizabeth Ayer states that the Fa-teg-^ma. band of Indians, with 
-whom she was stationed In 1811, made a feast during this time, In celebra- 
tion of their triumph over an attacking party of Slons warriors, and In 
the coarse of their banquet regaled themselves with Slonz flesh, boiled 
vrith their favorite food, wild rice.* Mrs. Ayer asserts positively that 
this Is the only Instance of OdJIbwa cannibalism ever coming to her per- 
sonal knowledge. Mr. Lyman Ayer, bom and reared In the tribe, observed 
that when the Odjibnas abandoned themselves to such orgies, they pro- 
ceeded with the distinct intention of promoting their own prowess there- 
by. The bony debris of such a repast, discovered among the remains of 
a prehistoric people, conld readily lead to false inferences concerning its 
status of savagery, the result of an exception appearing like evidence of 
a common practice. A similar misconception might likewise originate In 
the aboriginal custom of dismembering the dead body of a foe, and dis- 
tributing the fragments to bedevoured, and the bones gnawed, by animals. 
The Pokegemas, for Instance, hewed In pieces two Sioux warriors, killed 
In an attack npon their band, and delivered a portion to each fkmlly who 
had lost a member by the opposing tribe. In this ghastly distribution, 
tbuM most recently bereaved bad the preference. The mother and the 
bride of a certain yonng man received each an arm. OtLers were given 
a leg, etc. To a mother whose young daughter bad Just been decapltaced 
before her eyes, a Slonx head was apportioned, which, rtenzled wUb grief 
and rage, she buffetted, and spumed about the sands till ezhansted, and 
then abandoned to the village dogs.' 

< a«e Sum O^Jibva and ZMsota praettcti. — Selgoae, Tol. Vil. Ka. ITS. 

> Kmsdi movemenM among the lake OdJIbwie, luoh >■ Ibe ■Uemiiled eoniolidatlon 
ot pnrtlcular band* upon Wblte Kartb rBaervaUOD, bate doabllasH modUed oertsla 
condiliODS mentioned In IhU paper. 
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Aborioimal DwnxiKO-siTHS IN TRB Chauplain valley. . Bj Dr. D. S. 
EklloQg, PlattBbargh, N. T. 

[ABSTBAOT.] 

Prrviouslt to 1878, blstbrlane of the Charaplain Tallej were qaite anaol- 
moas in saying there were few or no aboriginal remaloa In northeaaten 
New York, In the ylclnlt; ot Lake ChampUlD. It was generallf eitppos«d 
that tiiat region was the acene of mnch flghclng between the peoples nortli 
and south, but never permanently Inhabited. Accidcntallj, In 1876, my 
attention was called to some fragments of Indian potter; foand In the 
town of Plattsburgh. I began to InveBtlgate, and fonnd that, not oalj 
where these fragments were discovered was there a former villain site, 
but also was able to locate, daring the four or Qve following years, twenty- 
one other dwelling-sites In tlie CbampMn Valley, fh>m Isle Anx Nolx in 
the river Rlchellen to Tlconderoga on Lake Champlaln. I know of sevefal 
others on- the Vermont side of the lake, and have reason to believe there 
are yet others undiscnvered. Aboriginal remains in large qnautittea scat- 
tered over circumscribed areas I have considered as evidence ofadwelllog- 
site. No earthworks, no mounds, and, with one or two exceptions, ou 
graves have yet been found In tills whole region. 

The remains consist of stone weapons. Implements and omamenis; of 
implements of copper; of Implements of bone; of fireplaces and of pot- 
tery. 

The stone relics are the nsaal chipped, smoothed or polished varieties 
found In the eastern part of tlie United States and in Canada, and np to 
the present time have amounted to upwards of 30,000 In number. Tet 
there are some notable exceptions to the usual varieties. For Instance, 
grooved axes and nicely grooved hammers, pestles and ornaments are 
rare. The material of which the chipped implements were made la foand 
throughout the whole region. The so-called flint ts abundant In the lime- 
stone of the locality. On Butler's Islnnd In Lake Champlaln, detached 
pieces of the dark and striated flint, a foot or more In diameter, are bo 
driven against each other by the action of the waves that their anrfaces 
resemble the roaghened surfaces of ordinary flint hammera. 

Of copper spear beads, hatchets and gouges, about two dozen have been 
found. These have been entirety surface, field flnds. Not a single copper 
relic has, as yet, been obtained from a dwelling-site. Bone anis, punches 
and harpoons are found only In connection with broken animal bones and 
olher remains Ln some of the fireplaces. Pottery, entirely In fragments, 
occurs In gi'eat abundance. In fkct, I shonld hardly claim a place to be a 
village-site, unless a considerable amount of pottery were found In iL 
The rims of numerous jars have been obtained almost entire, and several 
Jars have been nearly completely restored. Pipes, both of pottery and of 
stone, plain, ornamented, and sometimes representing the head of a bir<) 
or of some animal, are not very rare. 

The largest village-site Is the one above referred to In the town of 
Plaltsbnrgh. A sand ridge, a mile long and trom twenty to fortjr rods In 
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'^Idtb, lying between r slnggish creek abounding In flsb, and the shore of 
Cumberland Bay, b. large bay of lake Charaptain, was In prehistoric times 
tfae site of a large village. During the last thirty years the trees have 
been cut from this ridge and the wind has excavated through its wbole 
vrtdth. In these wind excavations and by digging frona the ludlcatlona 
thns exposed, the relics are obtained. While large numbers of stone 
'Weapons and implements have been found at this site, sncb as arrows and 
spears, beads, knives, celts, scrapers, hammers, whetstones and so on, yet 
two kinds of fireplaces and the pottery are perhaps more interesting than 
all the other things. 

One kind of fireplace \a a regalar kitchen -midden, containing broken 
bones of mammals, bones of fishes and birds, stone Implements, fragments 
at pottery, stones that have been heated by Are, clam tihells, and much 
other refuse materiaL The other kind of fireplace la merely a cluster of 
cobble stones that hare been heated b; fire. A single cluster contains, 
perhaps, a bnshel of small cobble-stones, frequently broken Into pieces. 
These clusters contain no implements, no broken bones and no remains of 
any kind whatever, unless we except some small amount of charcoal. Tiiey 
are qnlte nnmerous, and a wind excavation a doxen rods in width may 
contain as many as thirty. 

The pottery In this site, all in fragments, is very abundant ; portions of 
the rims of more than eight hnndred different vessels hsTtng already been 
secured here. Almost every fragment is ornamented, generally with ID' 
dentations, lines or wavy stamps. On the restored Jars and on the larger 
fragmefata, are aeveral different kinds of ornamentation, always elaborate 
and gracefully arranged. Some of the vessels have man; hundreds of In- 
dentations and others several thousands. The ornamentation generally 
extends from the edge of the rim on the outside to the bottom, though 
some of the bottoms, not one of which is fiat, are the oiily parts that are 
perfectly plain. The very edges of the rims are often Indented and some 
of them are handsomely scalloped. Frequently the ornamentation extends 
ttant the rim, one, two or three Inches down on the Internal surface of 
the Jar. The main portion of the inside surface Is, however, covered with 
Irregular lines which seem to have been made by a rougb smoother. The 
rims themselves are generally circular, though some of them arc ovsL 
The restored Jars hold Trom three to eight quarts each. 

The clay of which the vessels are made was not mixed with sand, but 
contained angular quartz crystals, some mica and probably feldspar. I 
have not found pounded shell mixed with It. No paint nor other color- 
ing matter seems to have been used, yet some ot the vessels are black- 
ened by smoke. Carbonized material clings to the inner surface of some 
of the n-agmente, showing that the careless cook let the dinnerbum on. On 
the Inner surftce of some of the pottery are occasionally seen the fine lines 
made by the skin of the palmar part of a human ttaomb or Index finger. I 
have a considerable portion of one Jar whose fragments are an Inch or 
more in width and several Inches in length. The upper edge of each of 
these pieces la convex, longitudinally, and the under edge la concave. 
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When rsplHced In their orlglDiil posttloD a convexity 018 Into a eonear- 
lt7 aboTe, ehowtng that this Jar, at least, was made piece bjr piece fTaa 
below npwards. This *eBBel wu ornamented br a small warj stamp 
that left an Impreaaton Dot nalike a bird flying. I have not jet fonod a 
lepresentatlon ofaDj portion of the homan body, or of an animal, on any 
of the Jan. 



Aboriqikal New Yoke tulaqkb. B7 Bev. W. M. Skakcbuif, BaU- 
wlnsvUle, H. Y. 

[ABSTBAOT.] 

SoMB of the flnesC New York rellca were not fonud on enclosed sites, 
bnt belonged to earlj travellers or residents. Open sites dllTered more 
than the fbrtlfled, jet some of both maj have been contemponDeons. 
Barlj earthworks In New York are rarelj rectangnlar, bat stockades are 
often of this form. Earthworks probably supported palisades, bat were 
replaced bj croas timbers at a later day. When the Indians got new 
ideas and tools from the whites, forts soon changed. Village sites were 
often abandoned, bat not at Intervals of ten years, as stated bj the 
French. These changes must be considered In dealing with age and pop- 
alation, as snccesslve sites often occur tn groups. Digging necessaij 
trenches was less laborious than supposed, and for a palisade a contlunoDS 
trench was made, not separate holes. Stockades maj have had as manj 
gates as earthworks, but they have often escaped attention. 

The long hanse was not pecollar to the Ii'oquols, nor prominent among 
them, and Oreenhalgh noticed It onlj in one town. Morgan's estimate 
would give this town alone Qve times the whole Seneca population. 
Qreenbalgh's account allowed two or three warriors to a lodge throogli- 
cnt the Five Nations. The forts were so long and narrow as often to 
afford little room for long houses, and the houses were In the narrowest 
part. One fort, over 600 feet long, Is but little over 100 feet wide for 
nearly half Its length. IjOdges were built of bark, bore the totem of the 
owner at one end and were often adorned with coarse llgares In relief. 
A ronnd form was sometimes nsed. 

Sir Wm. Johnson said that everj nation, tribe and family had its own 
allotment of land, and early writers refer to a personal title to caltlvated 
fields. 

BuHal customs varied, according to changing fksbions, and contempo- 
raneous nations dlO^red in these. Both the sitting pasture and the borl- 
sontal were freqoent. Mound buria) was occasional and local, and articles 
were not always placed In graves. Broken articles in towns may not 
have been the result of warlike violence. More commonly they result 
from the excesses of the Dream Feast and other festivals. 
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Bbuch or AN "Ikpian HCSTiNa anoiiin)." B7 A. Wamnkb, York, Fa. 

[abstract.] 

This "Indian Hantlns Gronmt" extends along the Codorns creek, bar- 
ing B breadtb of two mllea and a length ot ali, with the city of York, 
York Co, Pa., In Ita centre. It Is a region asaarned to hare been only oc- 
casionally visited bj the Indians and reputed to be barreo of relics. In a 
recently published "History of York County," It Is siiid that " the origi- 
nal settlers here fonnd Immense tracts of land entirely denuded of timber 
by the annual Ores klndied by the Indiana for the purpose of Improving 
their hnntlng groniids." 

In order to ascertain Just what evidences of Indian occnpatlon couid 
jet be fonoti strewn over the fields — many of which hare been cultivated 
for more than a hundred years — careful search was made. That the 
search waa well rewarded Is proven by the number and variety of specU 
mens collected. The classtOcatlon of Indian Implements given In Doctor 
Abbott's " Stone Age of New Jersey" was closely followed In describ- 
ing the specimens obtained, all of which were collected within the last 
five years. Tbe collection Includes samples of lanceheads, spearheads, 
arrowheoda, knives, celts, drilling stones, axes, hatchets, pestles, soap- 
stone dishes, pottery, hammers, gorgets, stone chips and Implements of 
unknown uses. 

The axes found, as a rule, are small, with a groove extending the whole 
way around the atone. Most of those that come from the Susquebanna, 
near tbe mouth of the Codorus, where numbers are found, have one nn- 
groori-d side; fQlIy three out of every four are thus fashioned. Now, 
why should the predominating type of a region, distant only about ten miles 
and within easy access, be unrepresented here by even so much as a single 
specimen? The most plausible Inference ts that the two types were In- 
tended for different purposes. One of the axes exhibited, weighing only 
one pound, has two parallel grooves. Several were picked np In the putt- 
llc road where they had been thrown Into the mud holes along with other 
stones from Ihe field. 

The fragments of pottery shown, made out of clay and broken pebbles, 
are similar to pieces from the Susquehanna. The impressions are evi- 
dently of two kinds, those made by a point of some sort in the hands of 
the ancient potter, and those which resulted from tbe strnctural Irregn- 
larltlea of some receptacle within which the plastic clay was first shaped. 

Among the " Implements of unknown uses" deserving special mentioD, 
is a triangular prism of slate abont five Inches long and having two holes 
that meet at the ends. Two of its tildes bear symmetrical scratches, now 
in part defaced by the wear and In part by the ancient use of the stoue for 
whetting purposes. 

Flakes of feisltlc rock, of JaBper,'and of agate are found diatribnted 
over nearly all the fields along the Codoma and Its tributary rans. They 
were undoubtedly chipped near where they now lie. Their presence 
proves that iroplements were here wrought ont of the rough stone into 
desirable shapes. 
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None of tbeae mlDemla are found fn tUv In thia locality. Follf twenty 
miles diatant. Id the Sontb moniiMtn, the Telaltlc rock occnra- Where the 
Jasper and agate were broaffbt from has Dot b«en detennloed. Iba 
other specimens found 60 not deserve special Dientlon. 

In conclusion, attention Is called to a few difficulties that beset the 
careful searcher. Fields that now yield few relics may have them deeper 
down. The building of dams has materially changed onr streams. Plaoea 
that once were high and dry on the bank are now covered by eveiy flreshet. 
As a coQseqaence, the sediment bns accumulated, and the relics have been 
burled beyond the reach of the plough. Occasionally, a Held Is washed 
bare of all the loose soli. In that event you cannot reasonably conclude 
that the nnmber and quantity of specimens found there Indicate a more 
dense settlement than elsewhere. Taking these and other circnnisiaoees 
Into consideration, In connection with the relics foand, the anthor believes 
that thin region was much oriener frequented and longer occupied by 
larger bands of Indians than the historian leads ds to Infer. 'This place 
may have been the site of a well-establiBbed settlement; a settlement in 
which much the same primitive occupations wefe engaged In, as chsnc- 
terized well-known and more extensive settlements along the Sosque- 
banna. If this region Is an average sample of the supposed barren lands, 
may we not conclnde that America was more thickly settled, or longer 
inhabited, perhaps both, by the Indian, than Is generally supposed? 



Whit is irf By Prof. £. W. Cl&tpolb, Akron, Ohto. 
[1BSTBACT.I 
In this paper an account was given of some curious apparent casts which 
have for some years been puzzling oltjects In the cabinet of the Davenport 
Academy of Science and of others. They have at first sight the appear* 
ance of casts of some species of Cardlum. But little examination Is re- 
quired to show that this Is not their true nature. By some they have been 
considered frauds. The evidence is reviewed at length and the theory of 
fraud shown to be untenable. It Is also shown that they are not Niagara 
fossils and not fossils at all. A summary of the facta points rattier to the 
conclusion that tbey must be looked on as relics of antiquity, made either 
by the ancient inhabitants of the country or for the purpose of trade with 
the Indians In rery early days. 



Sbvsort ttprs or mkhort and APPSitoBpnoir. By Dr. Josbpb Jis- 

TROW, Philadelphia, Pa. 

Tbk characteristic here treated Is the role In the mental life of the In* 

dividual played by the Information gained ft-om the several senses, par* 

tlcnlarly from sight, hearing and the tactnal-motor sensations. There an 
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persons who asalmllate their ment&l fof>d mainly through Tistial Impres- 
BlODs, others malDly bj ftadltory, ftod a third m&loly by motor, while to a 
fourih oDd doubtless a large gronp all the nrenaes of sense are eqnally 

The visual tjpe Is the most common and has been best described. 
Hr. OaltoQ'B studies on the TisaallzlDg power Indicate the wide dlrer- 
gtoce In TarloQS persons In the power to picture an experience Ttvidly. 
Instances of persona poasessliig the girt to an annstial extent are not nn- 
common; to this class belong the chess-players who pla; several games 
at once when bllndrDlded. Sight Is the sense most active In dreams as 
welt as In the h all acl nations of the deranged. Abnormal associations, 
Hach as a sound calling up a color and the like, are more freqaently In 
terms of It than of any other sense. There are persons who Interpret 
mach of their knowledge by sonnd ; extreme instances of this are seen Id 
snch as Beethoven composing symphonies after his dearoess, while Id 
dreams, hHllucI nations and odd asBociattons hearing Is second only to 
sight. Instances of motor-mliidedness, are less common, though in the 
mental make-up of many It forms an Important role; to Lanra Brldgman 
It Is almost the sole avenne of knowledge. 

That these divisions of the memory are not arbitrary, but correspond to 
real physiological differences In the brain centres, is shown by pathologU 
cal evidence. Cases are cited in which the visual or (In part) the andit*- 
ry, or the motor memory and apperception pass away separately leaving 
the others Intact. 

The practical edncational import of these facta Is apparent. The eye- 
minded man will waste energy by attempting to learn by ear, and as these 
traits are manliest in childhood much time Is doubtless wasted In absence 
of this knowledge. Dr. J. Mortimer Granville lays stress on this Infor- 
mation In his "Secret of a Good Memory." He there gives a test for dis- 
covering whether one Is eye-minded or esr-mlnded, which Is good but 
inadeqaate. I have tried further tests (Itally described In tbe paper) and 
depending on three principles. (1) Find the limit of capacity tor taking 
In a series of simple vlsnal and of andltory impreasiona, disconnected and 
connected words after a single hearing or reading. The larger limit shows 
the stronger sense. (2) To experiment with sentences, etc., beyond this 
limit and observe the amount as well as the nature of the error committed. 
One may also count the number of repetitions necessary to fix long pas- 
sages, etc (S) Have both processes going on at once and see which one 
DsnrpB most of the attention and is least lnterfer«d with. The eye- 
minded will know more of what he reads than what Is sImnltaoeoRsly read 
to him, while with the ear-minded the reverse is the case. In all the 
experiments a lontcer or shorter Interval before the repetition may be 
inserted and tbe strength of memoiy as well as of apprehension be tested. 
Hints for testing the Importance of the motor element are also given. 
Besides these formal tests each one will find many evidences of his bent 
In the doings of every-day lUb. 
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The studt Ot a bhau. akd isoutkd oohmukity m thk Bahuu. tsi-- 
ANDs. By Prof. T. Weslxt Hills, McQIll UnlTerellr, Hontrcal. 
CaDada. 

[ADSTKACT.] 

Tbk writer's Tlewe are founded npon a persooal stud; of this comnD- 
nit; dniing a residence of some weeks on Green Tnrtle Key, a smaU Islaod 
of the Bahama group opposite Abaco. The popnlatlon is made np of blacks 
and whites la nearly equal nnmbers and amounts In all to about six bnn- 
dred. The blacks are the descendants of former resident slaves. The 
chief aanrces of subsistence are pine-apple cnltnre and the spong« flaheiy. 
The population as a whole Is povertj-Btrickeu. The food used generally 
is plijslologlcally Insufficient. Neither meat (nor flsh), milk nor eggs, can 
be reckoned In the dietary of the many. The blacks, moreover, by thdr 
manner of closing up their houses during the night, considering the Urge 
nnmbers occupying one dwelling In proportion to the cubic space, are com- 
pelled to breatheavltlated atmospliere during almost half the time. Hence, 
thongh the climate Is ftTorable, pulmonary consumption Is not nnknown. 

There Is little social intercourse, except for purposes of business, es- 
pecially among the whlt«s. 

For a large portion of the year ships scarcely visit the Island ; so tiiat, all 
things considered, there Is thus an enTlronraent of the most monotonous 
kind. The wrecker's spirit and the gambling sph^t generally suryive. A 
study of tbe temperature taken four times dally by the writer, as well as 
the records of others for the year, shows that a temperature unlfoimiy 
high prevails continoally. To this great Importance Is to be attached In 
explaining the want of energy and enterprise manifest on every band 
among these people. The whole envlroDment is mncti less suited to the 
Anglo-Saxon than to the Negro race. The whites show a type-degeneracy 
to be attributed to lack of food, losniDclent mental stimulus and especially 
to the uniformly high temperature. The fact that there are few Immi- 
grants and the smallness of the total white popnlatlon give very limited 
play to '* sexual selection." 

The causes of the physicai and psychical degeneracy to be observed oa 
Green Turtle Key, in the Bahama Islands, may be thus summarized : an In- 
adeqnate diet In the physiological sense, combined with impore air ; the de- 
pressing effect, physical and psychical, of a uniformly hl^ temperature; 
the Influence of uncertainty In the reward ot exertion, and of unfounded 
expectation, begetting the gambling spirit ; the limited play of sexual selec- 
tion; and thelack of variety In the afferent influences reacldng the nervous 
centres (experience) ; all of which (»n be studied especially well In this 
commnulty on account of its diversity in race composition and Its compar- 
atively Isolated and stable condition. 
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The truk basib of kthnoloot. By Horatio Halb, Clinton, Ontario, 
Caiuula. 

[ABSTKAOT.] 

Ethnology has been defined ss "the science of the races of men." 
Some eminent scholars have doubted whether there can properly be sitil 
to be such a science, inaamnch as all attempts to classify nisuklnd Into 
groups have thus far failed. There Is no agreement among ethnologists 
as to the number of distinct races, or as to the criteria by which they are 
to be distinguished. The color of the skin, the texture of the hair, tlie 
shape of the sknll, and other physical trtUts hare all been foond insnffl- 
cieiit. Language, which lias been proposed by some writers, lias been 
rejected by others as a means of distinction, on account of difficulties aris- 
ing partly from misconceptions as to tlie nature and value of linguistic 
atoclu, and partly from the mixture of races. The object of the paper is 
to (how that these difficulties, when properly regarded, form no real ob' 
Jectlon, and that llngidBtIc stocks are in ethnology what tlie physical ele- 
ments are in chemistry, the true basis of the science. The classification 
of races by languages is the only classlflcaUoii which has a genuine ecien- 
tiflc value. Tlie results me deOnlte and certain, and lead to conclusions of 
great practical importance. IHustrattons are given from the history of 
various races, including the African and American tribes, the Iberians, and 
the Indo-Enropean nations. 



The subdiyisions or the rAL^OLiTHio fcriod. By Dr. Daihel G. 
BauJTON, Media, Penn. 

[absthaitt.] 
The Stone Age has been subdivided Into the Paleolithic and Neolithic 
periods dependent upon certain peculiarities in the manufacture of the 
Implements themselves; but the subdivisions of these periods have been 
npon other characteristics. The writer proposes tlie subdivision of the 
palffiollthtc period Into CI) the epoch of simple Implements and (2) the 
epoch or componnd implements, upon the same bases as the nudn sulMllvi- 
slons. 



Tbe berpeht houkd or Adams countt, Ohio, and its fresebtatton 
BY THE Pbabpdy Museuh of.Ahkrioan Archajlogy and Eth- 
nology. By Prof. B. W. Potnam, Cambridge, Mass. 

[ABSTBACI.1 

A BRIEF description was given of the singular earthwork in OUo, now 
80 generally known as tbe Serpent Hound, and Its snrroandlngs, for the 
parpose of calling attention to the iraporumt fact that this interesting 
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monament of antlqnlty wu now preserved from destmction, ■ fate thit 
woold Boon bsve followed had it been left unprotected. 

About B<zt; acres of land baTe been secured on the caatem aide of 
Bmab Creek, Including the high ridge npon which tlie long e&nbwork 
in the shape of a serpent, with the oval work In front of the aerpent's 
mouth. Is situated, the conical inonnd southeast of the serpent, and ttM 
land aboDt, npon which are indications of a Tltlage-nlte and a burial-place. 

Id the southeastern corner of this lot of land there la a beautiful grove 
of maples Bbadlug two springs, one of which Is a " enlphur" spring, and 
here It Is proposed to bnlld a spring-house of stone, and prepare a picnic 
ground. A road ts to be laid ont, leading from the Locast Grove pike' to 
this picnic ground, and shaded paths will lead fTom the grove to the con- 
ical monnd and to the serpent. 

Several years since these earthworks were plongbed over and cnltlv^ed 
for a few jears, and holes were dug bj seekers for buried treasures; paths 
and washoQts have also Injured tbe embankment, bnt all these Injuries 
Will be repaired, and the earth ploughed from tbe top of the embankment 
down its sides will ba replaced, bnt without attempting to restore the 
banks to their original height, and the banks will be covered with gnai. 
Id this manner the work will be preserved for the beneflt of fntur« geoci^ 
ations, and the " Serpent Honnd Park," with Its many Interesting ftetnres 
and its beautiful snrroandlngs, will be opened to all comem for enjoy- 
ment and for the study of a monument which Is both untqne and iastrno- 
tlve In American srchnology . 

For the accomplishment of these Important results, arcbieologists for 
all time to come will be Indebted to tbe energetic action of a few ladles 
in Boston, whose hearty cooperation In the eflbrts to save a monument 
wbtcb a recent visit had convinced me was doomed to Immediate destrac- 
tlon unless at once preserved, secured the necessary fiinds by snbscriptlon. 
With this money the land was purchased and accepted as a trust by the 
Trustees of the Peabody Muaeain, a department of Harvard University. 
Over five thousand dollars were raised by the ladies, of which about Four 
thoasand were expended for the land and incidental expenses. Tbe re- 
maining sum will be used la repairing tbe mound iuid fencing It In, and, 
as far as possible. In building tbe roads and spring-bouse. In order to 
carry oat all the proper arrangements In tbe park and make it what It 
should be, and properly protect It by fences, fifUen hundred to two tbons- 
and dollars more are required. As this Is, In every sense, a National Pack 
In which every American should take an Interest, It Is to be hoped that 
the efforts of tbe ladles of Boston will be seconded by friends In other 
places, and this small sum soon be secured. The example thus set mast 
t>ear good fruit, and we can now f^l sure that a greater Interest than 
ever befbre will be taken Id the preaervatlon of the ancient monuments of 
America. 

■ Tbe ueareat point by railroad are Peebiss and HIUBborontli. 
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On thr PitssuiVATiOK of arcdawlooic monohekts. By Aucx C. 
PiiSTCuxR, Feabody Huseum, Cambridge, Mass. 
[A leUer Bddrcued to the SsetlaD.] 

TuK Importance or preserving Ibe camalDS of the aacleat peoples of 
America needa no argument before this Section. Students are alread; do* 
lug their part toward saving tlie past history of the American races; but 
there Is a task to be accomplished which It seems Qtting to ask Congress 
to take np In behalf of onr uatlonal culture. This la, to set aside certain 
portions of the public domain In tbe Boaibnest territories iu which are 
characteristic lemains of former and of present aboriginal life, and hold- 
ing them as national reserves. 

Uany of the most remarkable rains and dwellings are upon land of Uttla 
Talne to the settler, so that the claims of archeology do not Interfere with 
local prosperity. 

Each year of study and research makes It Important to hold these rooQ' 
nments of a post snd ^t IMIng life, for the benefit of the ftttare, and they 
are dally In more and more danger from the curiosity and zeal of traders. 
If they are not speedily preserved many will Irrevocably be lost. 

I would therefore propose tlist tbe Section take sach action as Is 
deemed best to memorialize Congress, and secare the needed legislation, 
to effect such preservation as shall stand as a monument of our interest as 
AmerlcaoB In tbe hlaiory of our country. 

[This communication called forth many remarks npoD the Importance of 
preserving the arcbsologlcalmonumentsof America, asd tbe Section nom- 
inated Miss Alice C. Fletcher and Mrs. T. Stevenson as a committee to 
memorialize Congress to pass laws forUte preservation of such of tbe ar- 
chseologlc monaments on the public lands as may be determined as most 
Important. The Council of the Association conBrmed the nominations by 
the Section and tbe Committee were appointed. — £i>itoii.] 
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HEHEY E. AITOED, 

Ties FRGSIDBNT, SECTION I. 

EC0S0M7 IN MANAGEMENT OF TBE SOIL. 

At the great Boston meeting, in 1S80, amendments to the con- 
stitution of the Amei'ivan Association were proposed, effecting an 
entire re- organ ization and including the formation of tiie Section of 
Economic Science and Statistics. Tlie amendments were adopted 
the next year at Cincinnati, and went in operation at the Montreal 
meeting, in 1882. This section was then organized and held its 
first session for the consideration of papers referred to it. 

There have been, consequently, five meetings of this section of 
economic science and statistics, prior to the present. Thialiardly 
furnishes age or material for a history, but I venture, in discharge 
of the duty assigned me to open the sessions of this year, briefly 
to review the worli of the past, as illustrating the purposes and 
scope of this section of the Association aud suggesting some of 
the subjects to which it may profitably give attentiou In the fu- 
ture. 

In his opening address for the Montreal meeting, Dr. E. B. El- 
liott of Washington, the first presiding officer, and ever since con- 
spicuously identiSed with this section, made statements regarding 
its origin and objects which may well be repeated.' 

The American Association was largely modelled after the Brit- 
ish Association for the Advancement of Science. That body was 
organized in 1831, and in the twenty-fifth year of its existence es- 
tablished a section of economic science and statistics. The simi- 
lar section of the American Association was oi^anlzed at ita 
thirty-first annual meeting. 

• Vol. xxuj, A. A. A.. 8., p. us. 
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" Tlie fiobjects which properly pertain to this section are ecien- 
tiBc, not speculative. The section is to deal with facts, known 
facts; not scattered, heterogeneous, unrelated facts, but known 
facts reduced to order," 

The scope of the section permits " the consideration of a vast 
extent of special subjects relating to man, his nature, possessions 
and his Buri-oundings of all kinds, including facts tending to show 
the condition and changing condition, of coromunities, races, in- 
dividuals and interests." 

But under its entire title, " the subjects to be submitted to thitC 
section are not exclusively those which belong to economic sci- 
ence, but may pertain to any facts to which the application of sta- 
tistical methods is peculiarly adapted to facts susceptible of numei^ 
ical expression and which may be arranged in tables."* To this 
should be added, all facts which may be advantageously presented, 
compared or contrasted, by graphical methods of illustration. 

As in the British Association a section of statistics only existed 
for years before economics were added to its scope, so in this section 
the statistical features took the lead. At the Montreal meeting 
nine or ten of the fifteen papers considered were of a statistical 
character, and the next year, at Minneapolis, the late Dr. Franklin 
B. Hough, as vice president, opened the session with an elaborate 
tectinical address on The Methods of Statistics.^ But the ten pa- 
pers following nearly all presented economic questions and this has 
been the character of much the greater number of subjects since 
considered by the section. (It is only fair to add, in this connec- 
tion, that our good friend. Doctor Elliott, was not present at 
Minneapolis). 

The largest and most important meeting of this section was at 
Philadelphia, in 1884. The sessions were opened by Gen. John 
Eaton, jr., as vice president, with an address upon ScietUifc Meth- 
ods and Scientijic Knowledge in Common Affairs.* Unfortunately, 
this KRB not preserved in full, although the section secretary se- 
cured an excellent abstract. General Eaton emphasized a char. 
acteristiu feature of this section : while the papers considered are 
treated in a scientiBc manner, they are generally upon subjects hav- 
ing a lively public interest and are presented in a popular form. 
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Several of the distiDgiilshed foreigners preaent at Philadelphia 
contributed to the seBsioDB of Section I, and thirty-one papers 
were considered, being more than one-tenth of all accepted that 
year by the Association. 

At tlje Ann Arbor meeting, this section received fourteen pa- 
pers, and ten last year at Bnlfalo. In all, therefore. Section I has 
had read and discussed, at its five yearly meetings, eighty papers, 
of which fonr-flftbs were npon economic subjects, the rest being 
purely statistical. 

The annual atldress of 1885, by vice president Edward Atkin- 
son was upon The Application of Science to the Production and 
Consumption of Food, ^ and last year Dr. Joseph Cumminga spoke 
of Capitalists and Laborers.^ Tlie appropriateness of all these 
vice-presidential addresses will be noted, and timely suggestions 
might be obtained by reviewing them. It should be remarked 
in paasing, that the address of Dr. W. J. Beal, before the section 
of biology, in 1883, upon T7ie Needs and Opportunities of Agri- 
culture,'' and that of Dr. H. W. Wiley, before the chemical section, 
in 1886, upon TJie Economical Aspects of Agricttltural Chemistry,^ 
would both have been peculiarly suited to the consideration of Uiis 
section. 

The sixteen statistical papers read before the section may be 
grouped about equally under these heads : Census ; Financial ; 
Measures, including Time ; and Snndriea. 

The aisty-four papers upon economic subjects admit of this 
classification, in numerical order : Educational ; The Food Ques- 
tion, including Food Fishes ; Forestry; other agricultural topics; 
Financial ; and the Indian as an Economic Frobleni. This leaves 
twenty-eight papers so diverse as to be unclassified. 

As examples of work in the past, especially appropriate to the 
sphere of tliis section, the titles of several papers are quoted : 

Educational ; 
The Appprenticeship Question and Industrial Schools.^ 
The Aims and Methods of Mannal Training Schools.'" 
Froposed " New Departure" in the Form of Deaf-mute Schools.'^ 

On Foods : 
Percentiles and Cost of Nutrients in Foods." 

•Vol. XXXIV, A.A.A.8.,p.eS. • Vol. ZXXV.do., p.^SSS. * Vol.XXXH.do., p.STB. 
I Vol. XXXV, do., p. m. • Vol. XXXUI, p.do., est. 

» SM. p. «7i. " AU. p. e». » Ibid. p. N8. 
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Relative Values of Human Foods.'^ 

Possibilities of Domestic Sugar Supply fVom Sorghum.'* 

Food Fielies: 
The German Carp in the United States.'^ 
Oyster-Farming in Connecticut." 
Reaulta Frodnced by the AitiBcial Propagation of Fish.''' 

Forestry ! 
Some of the Economic and Scientific Principles ■□ Tree^owth 

and Tree -destruction.'* 
Investment in Forest Culture Compared witti other Productive 

Industries.'* 
The Structure and Economic Value of some of our Woods.^ 

Among those unclassified : 
Some Economic and Social Efiiects of Machinery." 
The Philosophy of Criminal Development.** 
Centenarian ism in the United States.*^ 

TJiese fairly illustrate the scope of Section I, and snggest the 
character of topics, which, presented in proper form, and within rea> 
sonable limits, will, I feel sure, he welcomed hereafter, as suitable 
contributions to the pi-oceedings of this branch of the Association. 
The very breadth accorded to this section has caused its limits 
to become somewhat indefinite, and it must be admitted that there 
has been a tendency to refer to " I," papers which were inappro- 
priate or di9taetef\il elsewhei'e, and, apparently, without other 
reason, they have been talten in here, through a commendably phil- 
anthropic sympathy for the homeless and wandering. Reciprocity 
has sometimes resulted, the section being "taken in" by them ! 
For example, " Investigations upon the power to move railroad 
trains and mechanical inspection of railroad tracks," certainly he- 
longed to Section " D," where it doubtless deserved a place ; and 
"A new method of land cultivation by the use of dynamite,"*^ was 
a paper of the kind wliich may be properly declined as purely chi- 
merical. It certainly l)ehooves our sectional committee to scrutin- 
ize offerings and maintain a proper standard. The limitations 
defined by the first presiding ofiicer of the section are well ex- 
pressed and should be enforced : " The subjects considered must 

»• A. A. A. B., Vol, XXXIV, p, G«. '* Ibid. Vol. XSXV, p. SIB. 

■• IMd. Vol. XX2II, p. *S8. '•IbU. p. «0. " IbU. Vol. XSXItt. p. m. 

" Ibid. Vol. XXXI, p.eit. i> IMd. p. etS. •• lUd. Vol. XXXIII, p. UT. 

» lUd. p. S3S. ■* Ibid. p. OTS. •■ Ibid. Vol. XXXV, p. MO. 

"IWd. Vol. XXX III, p. 675. •• JWd. p. 67S. 
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be trnly acientiflc, that is, knowledge redaced to order, pertaining 
to tbe interests of man, either singly, as an individual, or aasoct* 
ated in communities, or related by some common law.^ 

In reviewing the work of the section as a whole, one cannot 
fail to note that while purely statistical matters, questions of pob- 
lie policy and topics fairly belonging to social science, have re- 
ceived a due share of time and attention, the tendency has been 
towards increasing consideration of the many economic problems 
connected with the mateHal wants of man. This is certainly Jus- 
tifiable. 

In this great metropolis or wherever our Association meets, we 
are shown with pride the abounding evidences of the progress of a 
great nation and the material prosperity of its people. Tracing 
this visible wealth to its source, we find that it has all, with inaig. 
nificant exceptions, been produced from the soil. 

The American inheritance was a fertile soil, and to the generous 
stores of three elements of plant food, potassium, phosphorus and 
nitr<^en, the accumulations of ages, we owe all that we have and 
have had, of things material. A policy perhaps warranted by the 
circuni stances, but none the leas improvident, has marked the 
growth of the nation. Generation after generation has recklessly 
drawn upon the stored fertility of the land, with no systematic ef- 
fort at restitution, not only to supply the cnrrent support of the 
people, but the surplns which has provided all our apparent wealth 
other than land, and enabled us to make all our public and pri- 
vate improvements. 

The relation of this accumulated wealth to the annual coat of 
maintenance was strikingly shown by Mr. Atkinson,^ when he 
stated to us at Ann Arbor, that the value of all the possessions 
of our people, land excepted, does not equal the sum total of three 
years' production of our industries. At the same time he pre* 
sented the startling fact that " the average product, to each per- 
son, in this most prosperous country, measured in money at the 
point of final distribution for final consumption, does not exceed 
fifty to flfly-five cents per capita," and after we have provided for 
muntaining our capital and for government support, " each aver- 
age person must find shelter and be supplied with food and cloth- 
ing, out of what forty to forty-five cents per day will buy, be- 
cause such is the measure in money of all that is produced and 

"A. A. A. S., ToL XXZII, p. U6. ■' /Hd. Vol. XZXIV, p. Ul. 
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ve cannot have more than all there is." These facts, taken togellier, 
show the very Gmall margin apoa which we are working and the 
great excess of the necessary cost of living over the surplus 
which ftiruishee our taxnries and acciimulationa. Wliile, there- 
fore, we profitably devote our tltonghts to physical comforts, pleu- 
ures and iuiellectual development, to social progress and public 
improvement, how much 'more ahotild we atudy the many economic 
problems connected with the neceasaries of life, upon which we ex- 
pend at least four-flllhs of our annual income I 

For food, clothing, shelter and fuel, we depend almost entirelfi 
directly or indirectly, upon the soil. The rapidly increasing de- 
mands of our own counti-y are met and more than met, so far as 
mere quantity ia concerned, for a grant surplus is annnali3' sent 
abroad. For twenty years, agricultural pi'oducts have constituted 
three- fourths of the total expoi-ts fiom tlie United Slates, while in 
single recent years this proportion has reached eighty-three per 
cent and amounted in value to neaiiy tiJ 00,000 ,000. And it is 
manifest that this superabundance of eoil products will continue, 
despite any possible increase in population, at least well inio the 
next century. But the wisdom and economy of our present sys- 
tems of pioduction and disposition are a very different matter. A 
steady drafc continues upon the important elements of fertility 
with no adequate system of restitution or recuperation for the soil. 
Every crop removed from the land diminishes its store of plant 
food and thus reducea ita productive power. The average pro- 
duction per acre, notwithstanding the progressive improvements 
in our farming, has steadily decreased, not only in the older 
states but in some of the newest and richest sections. The great 
wheat fields of the northwest and of California do not produce, at 
the present time, mure than half the ci-op formerly obtained from 
them.*' 

We boast of onr great exportation of soil products, forgetting 
that this really means the sending to foreign lands of great blocks 
of our store of natural fertility, thus disposing of the main source 
of our national wealth by the ton and by the million. 

Tlie steady reduction in the fertility of the soil, which results 
from the annual draft by cropping, and the absolute loss incident 
to the ordinary disposition of the crops, are much greater thaa 

•• H. W. W11«T, In Vol. XXXT, A. A. A. 8., p. ISS. 
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GommoDly understood and a matter ao important as to demand se- 
rioaa consideration. 

For present purposes it is suSlcient to refer to only three ele- 
ments of plant food, wbiuli are of vital importance and in which 
the soil is most likely to be, or to become, deQcient. A computa- 
tion based upon tbe mean agricultural products of the United 
States, at the present time, tbe average composition of these prod- 
ucts aa known to chemistry, and the cash value of the chief fertil- 
izing materials in domestic markets, give the following stated 
quantities and valaes of tbe three elements named, which are 
taken ftom the land by the farming operations of every yeai* :^ 

l.OOO.OCO tona or nitrat'o. worUi at 1360.00 per too, fl^O.OOO.OOO.Oe 

S,000.000 - *■ pouth, * " " tlOOOV " " MO.OOO.OM.OO 

1,000,000 " " ptaoapborksaeld, " " fUO.Oe " ■' t4U,00a,OOO.00 



tl.BM.OOO.DDOM. 



The effect upon the soil depends, of coarse, upon the disposi- 
tion of the products embodying these enormous quantities and 
values. Fortunately, a very large part remains upon or is re- 
turned to the land, in the processes of harvesting and preparing 
for market, and more, in the form of wastes and residues incident 
to consumption. On the other band, there are vast absolute 
losses resulting Itom the well-known wastes of towns and cities, be- 
sides the portions actually sent to foreign countries. To apportion 
exactly the disposition made of these products, and hence of tbe 
fertilizing elements represented thereby, is impossible ; but, as to 
the latter, a rough approximation divides the total into three parts, 
respectively remaining on the land, returned to the soil and wholly 
removed from it. 

This country imports tbe agricultural products of other coun- 
tries in great quantities, but in kind far less important than our 
exports to the question in hand. The articles exported are lai^ely 
of a character especially rich in plant food. M^ing due allow- 
ances, therefore, I estimate tbe average exportations as represent- 
ing thirteen per cent of the fertility value of our total products 

w H. W. Wils;. la FnmaedlDga A. A. A. S., Vol. XXXV. p. l«l. Whllo the oompu- 
UIIoD tot the tsreili Hnd hHj crop la andoubtadir eorTeet, I oannot accept tbe aa- 
aumed rat[o In chemical com position betireen these aad all other agrloallaral producia 
I market Tiluei [JHd. p. ISl). Therefore tbe totala are scaled 
M given b7 Dcntor WUe7, aa, it eirlnxi 1 prefer te b« irlthlii 
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SDd our absolute wastes at home, at more than twenty per cent ftd- 
ditional. Together, these constitute a full third of the fignns 
above given ; or an annual removal from American soil, of nitre- 
gen, potash and phosphoric acid worth in the markets of this city, 
to-day, more than $600,000,000 ! By our present system or 
rather continued improvidence, in the production of the neceaga- 
riee of life, we are thus diminishing, at this alarming rate, the 
original capital of oar foundation industry. 

When products are exported, mainly food, which are worth 
1700,000,000 on our shores, there is included plant food, aU 
needed at home, which we cannot replace for one-third of Uiat 
Bum.^'' This fertility never comes back. It goes to enrich other 
lands or is washed into seaa from which we do not even get the Gab 
and the kelp. Those of us who are contending with impoverished 
soils are well placed to appreciate the sober subject of i^ricnlta- 
ral exhaustion and are in duty t>ound to send an earnest word of 
warning to those who labor on newer lands. 

The researches of modem science iiave done much in eetahlish- 
ing truths of practical value regarding the effect upon the fertility 
of the land, of removing different crops and products, and hence 
teaching us what should be consumed at home and what may be 

■■Th<> Klatemenl leeini innradiblc, bnt take wheat u a tingle einmple. FromOwlf ■ 
nras given b; DocCor Wllu;, ■Ire&dj' rereired to, HUd rrom Uie autharlUes cited b; him, 
tbe fbl lowing flgaree nre obtained : 

taela; Btni«,n,B8B,a)0ton>. 

].SI4«; uli,1.0fl*; (potasb,3l.le^i iihospborie acid, tit.» 4). 

0.«96" " S.ST' " 13,66" " ■' 4^1 »). 

Nitrogen. PotaBh. Pbosphorio acid. 

Ki,fsa,<M iTs.3ii.e30 Mi.3ra,7at 

125,014,880 m, BIS, DOS 117,210.019 



pound, SJS tM tM 



Tftlaea, tlSt.Wt.STS. |2i.tM,7«. )tt,710,7es. 

Total Tilasi of plant food In grain and alraw, ai83M>iinO. 

" " " mirkelnfale crop in groin and straw, •190,000,000. 
Valae of plant food in cropi, <0 « of iti mnrket Tulne. 
The flgurgs (br production and compoiitlon of product! cannot be diapnted. TiM 
DieasuretarTilna are arbitrary; but what others can be uaedF If we eend the articles 
ooncainlDg iliese fertlllilng elements to foreign lands and then attempt to secure eqnit- 

Tbese prlfes, as agreed upon b; state chemlats. are used aboTe as the meianm ol 
Talue. MoreoTer. there can be no question that the phospborle acid, etc., aa existing 
in tbe products exported, is In a form more BTallable for plant fbod, aadbeuee worth 
more per unit of weight, than In the usual Ibrms of commerolal rerlUlien. 
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profitably Bold. TIidb, if ton after ton of farm produce be ro- 
moved nom a western farm to an eastern market, or from any 
American farm to a European market, it makes a great difference, 
eventually, to the land where produced and to its onner or user, 
whether these tons be of corn or cotton, beef or butt«r. 

The following table illustrates this feature in connection with 
some of the principal exports of the United States :3' 



Articles 
export. 


nunl exports 


Approximste 
TBlue of ape Ion 
■Iplnceofei. 


Vnlne of 

plHDtfiMd 

one ton. 


Pemenlaga o( 
market ralue. 




i »^ 


• M.00 


•28.04 


108 « 


AH"(.llMkBB>'»ndme«lB. 


W.00 


tt 


M 


IW 


Corn (msUe). 


H,000,000 


(SSbnah.) £3.00 


B 


94 


30 


Wheat. 


!,IX»,000 


(Mbo.h-) Bt.OO 


B 


80 


se 


Whent flonr. 


TM.DOO 


(lObbl..) SO.OO 


T 


08 


14 


Beeroa, Blive. 


100,000 


100.00 


IS 


08 


It 


Dresned beef. 


50,000 


160.00 


IS 


9) 


81 


Tohnooo. 


IN.OOO 


SOO.OO 


u 


91 


g 


Pork proiltiot*. 


»»,l»0 


KOO.OO 


IS 


IS 


8t 


Cotton. 


l.<»0,0(» 


(4 bales) m.OO 


00 


(4 


Batter. 


18,000 


«Dtub«) 400.00 


■" 


m 



The chief lesson of this table is the great loss incurred by ex> 
porting cotton seed, cereals and breadstuffs, instead of animal 
products; and a double loss occurs here because, besides the 
matter of plant-food, is that of transportation. It requires an 
average of about eight tons of grain and like products to bring the 
price of one ton of animal products, and freight is paid on eight 
tons instead of one. If ire must export wheat or wheat-dour, it 
should all be in the form of flour; for every ton of this grain, 
bringing 134.00, carries away $1.72 worth of plant-food more than 
a ton of flour, for which $50.00 is received. But this is not all ; 
instead of the ton or thirty-four bushels of grain, we have to send 

•1 The nnnual reports or the C S. Biirenu or SMtletics, Treunrj Department and of 
the Depailment of Atrrlcnltura are deiiended upon for Lhe mann Eiporta and their 
Talue. Tor the ebemloal composltlOB, (be authorllie* naed are WallT, Gilbert, Uc 
UUTtrie. Jeaklns, Wllsy and Blcharitson; aad lhe rates for nltrogea', |iotHth and 
phosphoric acid are tbe sams aa qaoted rrom Doctor Wiley and used on protlous 
pages. 
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over ODQ and a half tons, or fifty buehela, to eqaaX a too of floor. 
The wheat exported annually (three mitlion tons) equals 2,000,000 
tone of flour. Were flour sent in place of this grain, the bread- 
stuff going abroad would he the same, and the receipts for it the 
same, while the plant food exported would be less in value by 
tl 2,240,000.00 per annum, and the cost of A-eight upon one mil- 
lion tons would be all, or nearly all, saved. It is also seen to be 
five per cent better to export dressed beef than the equal in food 
of live animals, and this is stiictly true, because of the provisions 
now so general for saving all animal offal and refuse at ports of ex- 
port, for tigricultural purposes. The greatest contrasts, however, 
are between cotton seed and cotton, in one case, and grain and 
butter in another. Grain Is worth more than one-fourth its export 
value as manure for home-use ; and cottonseed meal is actually 
worth, to-day, more as a fertilizer than it sells for as stock food, 
while we might continue to export cotton (Sbi'e) and butter, in 
nnlimited quantities and for centuries to come, without thereby 
perceptibly reducing the fertility of the soil on which they were 
produced. 

It merely mitigates the evil presented to note that the soil holds 
large quantities of plant food still in store, that nature has pro- 
vided supplies of mineral manures in concentrated form, deposited 
in various places, and that some investigators yet believe they 
will pixrve conclusively the assimilation by plants of the free nitro- 
gen of the atmosphere. 

Shonld the much disputed question of nitrogen supply be so 
settled, it would certainly remove a vast deal of anxiety, trouble 
and expense ; for, as we have seen, nitrogen constitutes three- 
fourths in value of the plant food annually used by crops. It is 
surely a subject which demands exhaustive study. But the prev- 
alence of the belief that the growing plant depends almost exclu- 
sively upon the soil and has no power to assimilate the free nitrogen 
of the air, is amply shown by the market prices of ammoniated 
manures and the extent of tlieir sale and nee. 

The trade in commercial fertilizers has reached wonderfhl pro- 
portions, and i^riculturiats hail with Joy the discovery of every 
new deposit like the potash salts of Germany and the mineral 
phosphates of Canada and the Carolinas. But the expense inci- 
dent to mining, manipulation and transportation greatly impedes 
the use of these natural stores and makes the more important 
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every means of husbanding the borne resources of every acre of ar- 
able laud. 

If the statement coatd be accepted without much qaaliflcation, 
we might derive great comfort from the assurance that chemical 
examination of soils shows the presence, within reach of the 
plow, of 9,000 pounds of potash and half as much phosphoric 
acid on every acre, or enough to supply the average crop for 
225 to 250 years.^ Now, in the first place, the average land 
in tillage, at the present time, by no means reaches such a 
standard, and, in the second place, it is well known tbat only 
a very small fraction of the plant food, actoally present in the 
soil, is in an available form. Ordinarily, more than ninety-nine 
per cent of the plant food which !t is possible for the chemist 
to find in soil, the plant itself finds dormant and nnavailable. 
Time and natural agencies gradually convert these inert elements ; 
but, to keep pace with agricultural demands, the physical proper- 
ties of soils must be closely studied and knowledge obtained and' 
applied regarding the proper mechanical treatment of land. 

Figures already given sufficiently demonstrate the recognized 
condition and needs of the soil. So difficult is it to make the 
once fertile land bring into use the natural reserves, and so active 
the demand for plant food in every available form, to return to the 
soil that, incredible as it appears, commercial fertilizers are main- 
tained at such selling rates as to make the entire annual farm 
products of this country worth almost half as much for manure, 
as they are in the market.^ Do not these facts alone iUrnish rea- 
son enough for such a thing as agricultural science? 

With our rapidly increasing population and a constantly lessen- 
ing fertility of soil, we have presented to us questions of the grav> 
est import. By the wasteful processes prevailing, we are expending 
our very substance and daily adding to a burden under which gen- 
erations to come will stagger. The true economy of soil manage- 
ment, involving the production for our people of food and clothing, 
fuel and shelter and the wise an'angement and disposition of our 
surplus, are problems great enough to satisfy the ambition of both 
acientists and statesmen. 

Jn an able exposition of the condition and prospects of the ^- 

•• A. A. A. 8., Vol. ixxv, p. in. 

"Total mean Tslae or anuaal itgricaltaralprodacta, ■ . ■ . (4,000,000,000. 
Total value plant food In aame, at commaroial ratea (p. S), • • 1,UO,000,000. 
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ricuUure of tliis country, Gen. Francis A. WallcL't^^ claima tbu 
the American p«ople have been fullyJustiBed, upon sound ecoDom- 
icnl principles, in the past system of cnltivatioD of the soil, nl 
tbe expense of future generations. He says : " Thirty-eight noble 
states, in an indissoluble union, are the JustiBcatlon of tliis poi- 
icy. Their schoolhouses and factories, their roads and bridges, 
their railways and warehouses, are the fruits of the characteristic 
agriculture of the past." But the reasons for wasteful systems do 
longer exist. " The country in its arable parts is settled, and the 
line of population now rests near the base of the great sterile 
mountains which occupy so lai^e a part of the continent . . • 
A continuance of this policy will be not the improvement of out 
patrimony, but the iinpoveriahment of our posterity . . . Eco- 
nomical and political considerations alike demand that the soil 
bequeathed to this generation, or opened up by its own exertioofl, 
shall hereafter be deemed, and held, as a sacred trust for the Amer- 
' iean people through all time to come, not to be diminished or im- 
paired for the selQsb enjoyment of its immediate possessors." 

These considerations should increase our regard for the business 
of farming and our interest in it. We should alt rejoice at the re- 
vival of agricultural studies and the increasing number of able 
men who are making them their life's work. Let me cordially in- 
vite continued contributions to the proceedings of this sectioD, 
upon foods, fabrics, forestry, industrial education and other topics 
closely related to our material welfare. And I appeal for more 
aid and encour^ement for the earnest workers in other sections — 
in biology and chemistry, physicB and mechanics — who are labor- 
ing Id their various branches of science, that its practical resalu 
may be applied to economizing the fertility of the soil, which is the 
basis of our national prosperity. 

>• Tenth D. 8. C«i»D>, Vol. in, p. zzxUI. 
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PaTBioLOOicu. AND rsaxntiAHY bcowomt ot vood, B7 Fror. W. O. 
Atwitbr, Middle town, Ct. 

[ABmilOT.] 

Statistics are cited comp&rtng dietaries or ordinary people with tus- 
cepted Btandards, and the nntrltlve values of Ibod materials with tbe 
pecDnlBry costs. It Is Inferred that the diet and dietary practices of 
American working people, as of those of other classes, might be Im- 
proved : — 

1. By saving food that li now wasted In large qnantltles. 

S. By avoiding needlessly ezpenaivs food'Hiate rials and making less 
costly food eqaally palatable by proper preparation. 

8, By dispensing with a portion of the fatter meats and other ftitty food 
and nafng more of tbe leaner meats and Ssh. 

The indications are that tbe benefit to both parse and health that wonld 
ftccroe from anch Improved economy wonld be very great 



Food of woRKtKa mbk and its rrutiom to tub wokk done. By 
Prof. W. 0. Atwiter, HIddtetown, Conn. 

[*BSTBACt.J 

JoDOED from snch statistics as are available (especially from dietaries 
collated In Massachusetts and Connectlcat) tbe food of people In general. 
In this country : 

1. la large In amonnt. 

2. Incladea veiy large proportions of meat and other animal food- 
materials. 

3. Is consequently very rich In protein and In potential energy. 
These statements apply to the dietaries of mechanics and other manaal 

laborers. Compared with those of people of corresponding classes In En- 
rope, the food of Americana la mnch superior In each of tbe respects men- 
tioned. Tbe American does more work than tbe Enropeau. It Is Inferred 
that hta greater efficiency Is due, In part at least, to his better nourish- 
ment. Chemical and phyalologlcal coDBlderations and detailed statistics 
are cited In support of this view. 

(«8B) 
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[ABaTKlCT.] 

1. Tit* Urm Civic*. 7U meaning and It* scope. 

It Includes correl&ted tkcta Id Ecbics, Politics (Polltic&l Science) Eco- 
nomics Mid Jurlsprndeiice, considered with reference to their bearings up- 
on qaestlons of Tltal importance in affairs of gOTemnieDt and cltlieoshlp. 

2. The relative poeUton of Oivica among tA* tcience*. 

(1> Its recognition aa a aclence nlll be an effectnal aid to the more 
exact deSnltlon of the limits of the separate, but related, fields In which 
It fluda Its own material; and as a result will lead to more satlafsctotj 
results In the stndj of Ethics, Politics, Economics and Jurisprudence, sep- 
aratel; considered. (2) The assignment to a common fleld, for stndf 
and inveatlgatlon, of the related facta Id the several fields nboTe referred 
to, will secure for them an attention commensnrate with their Importance. 

8. The ttudy of CitHce. 

(1) Its Importance as a preparation for the discbarge of ciric daUes, 
In public and private stations. (2) Some observations as to methods of 
Btndy, In public schools, higher institutions, etc. 



BBLATIVK TALintB OT DTFraRltMT KINDS OF MILK AND XILK PKOOTJCTS. 

Bj Prof. Hemrt E. Alvord, Amherst, Mass. 

rABBTBACT.'l 

Bkferrkcic Is flrat made to a paper entitled " Belatlvc Talnea of Human 
Poods," bj the same author, contributed to the Ann Arbor meeting and 
published In A. A. A. 8., toI. xxzlv, p. 504. To that paper Incladln? Its 
t^les, this is a supplement. The nntrlents contained In the articles 
named, according to their average chemical composition, are the basis of 
valuation, and the standard fbr values of the protein and carh-hjdralei 
contained Is the same as fully explained In the former paper. 

With this explanation the following table Is presented, compiled ttotn 
sources too nnmerous to cite, but all believed to be authentic 
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TABLB OF VALUES OF DAtRT PBODHCTS. 



(CompoalUoD and xalne par 100 poDoda.) 



L, 



III 



S.I 

III 



a'aUodaid aowa'm 
Average all kEnda " 
GallBwajr " ' 






Holitotn 

Bolluider 

TribMUX 

Dutch 

Qoat'a milk _ 

8Um milk (oowa) ... 



Cream, aTsraga 

Batieri average or all .. 



Ajnhlre... 
HoIsMd.... 



" pun Jerae; milk 

" bairiklm 

" akImmUk 

Horn npoN TBI Tablx:— a,rale of let 
per quart; if, » cta.perqLia, lew. per qt. 
A. A. A. a. VOL. zxzvi 



ISM 

10.88 
10.SB 



. 17.10 

. i8.ia 

. (T.« 

. n.ss 



in.TB 

is 1. 81 
143Jk5 

U.78 



B c«a. per quart; e, 8 ota. 
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Hie TRiaa of batter li ^atly InoreMod br oontalnLng proteta wbloh is the traable- 
•om« Ingredient, henoe, Bitliough tbu fauUer la beat vhicb hu the lea«t protein, UN 
TBiue &BBigaed the UUar mnkas the poorest butter atuid hl^eat In nntrlent nine bi 
the table. 

Esoeptlng batter >ad eream, all milk &iid milk prodBota KenerBU; sell In mufcet at 
pricsa betoir tbelr tbIubi h> meuured upon the aaauiued atuidard, mi eompare riTOC- 
■blr with the olber DOmmon •rtlelsa of food, aa glran In the t«blB flrat meatioiwd 
■boTe. 

ilue, beoaoae oT dlSiareDca hi aienve 
breeda or ooire; milk u a ruIeaellalB 
market with aoniB regard to Its " richnesa," but vary little >■ to Ita ongin. The tibia 
■howa tliBt the milk oroerUIn breeds Mils for leas than lu thIus. and thi milk of oUnr 
breeds le worth le»a thui the usual selling prloe. Aa a alngla eiampla.— tbe mOk of 
Jeraey aawa, even when aold at eight centa per qnart, la aa mnch below Iti labw, or 
in oltaei warda, la aa cheap fbod, m average mtlk aold at all centa per qoait. 



Thk tkstimomt ot statutios as to thb shark or labok and froduc- 
TTON. By Prof. Edmund J. James, TJaW. Peon., Philadelphia, Fi>. 



Wealth or the rbpubuo. By Cbarles 8. Hiix, WuhlogtoD, D. C. 



OM THB rates or INTBRKeT HBALIZKD TO INVESTORS IN TBK B 

cuRTnxs OF TSE U. 9- Qoternment. B; E. B. Elliott, Washing- 
ton, D. C. 



H THK tTNiTOD Statics. By Lucibn Howb, 



Hrthods and rbbdlts of mahdal trainino. B; Prof. C. H. Wood- 
ward, Washington UnW., St. Loals, Mo. 
[The Babstaoce of tbts paper will be lucladed In a book to be pablished 
by D. C. Heath 4 Co.] 



HANDAL training in THB PUBLIC SCHOOLS, FROM AN ECONOMIC POINT Of 

viBW. By Prof. E. J. Jambs, UdIv. Podd., Philadelphia, Pa. 
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EXECUTIVE PROCEEDINGS. 



BBPORT OF THE QENERAL SECRETARY. 



Wkdnkbday Morning, Auodbt 10. 

Thb flrat Orneral Srssion was held Id the great hall of the library of 
Colambla Colle-;e. Fresldent Morsr took the chair at 10 a. h., and 
called apon Rt. Reverend He.s'ry C- Potter, Bishop of New York, to open 
tbe aesslou with prayer. 

The prayer offered by Bishop Potter waa as follows r — 

Almighty and ever-llvlog God, w)io art always more ready to hear than 
■we are to pray, and who art wont to give to us more than we can dealre or 
deserve, we come thla morning to ask Thy blessing npon this a.tBemblage, 
and to commend to 7hy (^thei'ly care and guidance all those who ai'e here 
gathered together. We thank Thee Tor the revelation of Thyneir which 
TboQ hast made In nature, and for all the i^rts and powers with which 
Thou bant crowned Thy creature, man. Thoa hast tanght us in Thy holy 
Word, "Seek and ye shall Und, knock and It shall be opened to you," and 
as, over against the unaatlaOed hanger of man tor light and knowledge. 
Thou hast placed Thy wondrous univeme with all Ita stores of bidden 
light, we bless Thee for all the rewards which Thou host given to those 
■who, patiently turning over the pages of tbe book or the created, have 
been privileged to read In It the laws of never-resting progress and de- 
velopment which Thou hast written there. Help us lo welcome Thy 
truth, bo we ver It may come to as and In whatsoever volume It maybe 
-written. Save as from being afraid of It, but rather teach tts to be con- 
fident that as Thou art Truth, so all trath Is one with Thee, and give to 
as who are seekers after troth a larger vision of It and a more deep and 
enduring hunger to know It, that so, seeking In Thy fear to bring light 
out of darkness, and to turn Ignorance Into knowledge, we may each one 
belp to hasten the day when light end knowledge shallevery where prevail. 
TAaj we love the truth for its own sake, rather than for what It can earn 
or win in any merely material cnrrency, and grant that the members of 
this association may employ their powers for noble and nnselflsh ends, 
■o lightening tbe toll, and sharing the burdens, and clearing the pathway 
of their fellowmen. 

Bleas, we beseech Thee, all Institutions of learning which are repre- 
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sented here, and all others ttiroaghoat the liiiid. Qlve to those to whom 
Thoa baatglveo the dignity and privilege of being teuhera, pfttlonce, cour- 
age and wisdom. And, ont oC all our labors and studies here, grant that 
there ma; come, O God, the ylslon of Thjself that ao. In Th; light we 
may see light, that all onr chlldron may be tanght of the Lord and thu 
great may be the peace of our children. And all this we ask In the name 
of Him who has tanght ns when we pray to say 

Our Father which art In heaven, hallowed be Thy name. Thy kingdom 
come. Thy will be done In earth aa It la In heaven. Olre ns this day onr 
dally bread. And forgire ns onr debts as we forgive onr debtors. And 
lead us not Into temptation, but deliver oa from evil : fbr thine Is the king- 
dom and the power and the glory, tor ever. Amen. 

In a few flttlng words the Bettriko Prbsidknt then reslgnM] the chair 
to bis sncceHaor, Profeaaor Samukl P. Luiolbt. President Lamout 
spoke briefly In reply to President Morsb's Introduction, and then gave 
way to Rev. Dr. F. A. P. Baknaud, President of Colombia College, who, 
as Chairman or the Local Committee, welcomed the Association to New 
York as follows : 

Mr. Prttidtnt and Memben of the Ameriean A»»oetalU>n/or the Advatia- 
ni«n( of Science : It Is made my pleasant doty to bid yon welcome to the 
city or New Tork. This great metropolis opens wide to yon her hospit- 
able arms, and tenders freely to yon all that she possesses which can 
awaken yonr Interest or promote, during yoar sojourn with us, yonr com- 
fort or yonr convenience. And she has much to offbr which cannot (Ul to 
Interest yon, not only as men of science, but also as men of letters, which 
many of you are, or es men of taste, men of general culture or men of 
pracUcal minds. She Is prepared to throw open to yon without reserre 
her vast commercial liouses, her great manufactnring establlsbmenta, b«r 
extensive foundries, her noble Institutions of learning, her libraries, her 
sclentlflc collections, her museums of art and natural history, her bauk.', 
her ezchangee, her temples ofjustlce, her penal and charitable Institntlon*, 
her menageries and her churches — everything, In short, that clvllliatloB 
has created at this Its blj^hest point of culmination upon the Western Con- 
tinent, she submits to your critical Inspection, yonr careful stndy and 
your intelligent appreciation. 

On the other hand, her citizens will And In yon not only honored and hon- 
orable gnests, but subjects of a reciprocal Interest and cnrloslty. Hie 
names of many of yon are already and deservedly well known to tbem, bot 
It can be said of only com paratt rely few that yonr persons and connte- 
nances are familiar. It Is an entirely legitimate as well as natural cnrl- 
oslty which leads men to desire to look upon the featnces of those wboM 
labors have done honor to our common bnmanlty. Our citizens will, 
therefore, throng your assemblies with the feeling which draws men b> 
any point where snperlorlty of whatever kind, literary, political or sclen- 
tlflc, Is the attracting force ; and they will listen to your words with In. 
terested and respectful attention If they do not always understand them. 

The noble object of yonr organization Is expressed In lis title— the Ad- 
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it of Science. Aad during the Torty jeftra of yonr ezlsteocs M 
an organized bodj Science bos cerUlnlj mnde wonderful ulT&ncea, to 
>rhlch 70a »re entitled to ■«; with }nst pride th«t no «mall proporUon hu 
been doe to the SDCcesafai l&bora of yonr own members. Tbe names of 
manj of those wbom I remember u moat active In oar earlier iDsBtlnga, 
bat whom I sadly mlH to-day, are already pennaneutly recorded high ap 
on the lUuBtrioaa roll of those who have brightened the age in which they 
lived by achievements more honorable than thoae of tho soldier, and more 
lastingly beneficent than even those of the philanthropic statesman. Of 
these, If I Instance here a few, and bnt a fbw. It Is not that I forget others 
no leas worthy, but that the list Is too long to permit me here to enloglse 
them as they deserve. 

It WAS yonr flrst president, William C. Kedfleld, whose sagacity earliest 
detected and revealed to ns the Uwa wblch govern the great storms of 
the Atlantic coast, and demonstrated tfielr cyclonic character, thus stimu- 
lating that spirit of meteorological Inveetlgatlon wbtcb has crested SO 
many local observstories and given as at length a central and national 
weather bnrean at Washington. 

It WHS the large-minded Dallas Bache, grandson of Franklin, and In- 
heritor of his grandfather's genlns, who organised the splendid system of 
coast and topographic snrvey which has placed our country in the fbre- 
front of tbe geodetic science of tbe world. 

It was tbe gifted Henry who gave as the Intensity magnet which has 
woven over oar continent a network of sensitive wires, and has enabled 
San Francisco to speak directly to New York and New York to London. 

It was the magnlflcent Agassli, whose comprehensive knowledge ex- 
tended over the entire field of science, who taught ns the laws of glacial 
movement, and from a single scale could reconstract the entire flsh that 
wore It and assign It Its place smong extinct or living species ; but who, 
amidst all his greatness, esteemed It his highest glory to write himself 
simply Lonls Agusslz, teocAer. 

It was the profaund Pelrce who, at one of yonr meetings, by the enbtle 
Instrument of analysis, made clear the physical constitution of the rlogs 
of Saturn. 

It was the beloved Torrey whose knowledge, like that of Solomon, ex- 
tended to every living plant, from the majestic cedar of Lebanon to the 
hyssop that grows upon the wall, and whose tireless and fhiUful Inves- 
tigation gave us an exhanstlve history of the " Flora of North America." 

If time would allow me to extend these reminiscences, It would remind 
yon that it was your GllUsa who created our National Observatory, your 
Davis who founded the American Nautical Ephemerls, your Mitchell who 
left so brilllsnt a mark npon American astronomy, your Watson who gath- 
ered up a score or more of eccentric celestial stragglers, the anomalous 
group of so-called planetoids ; your Hare who began that course of elec- 
trical Investigation which Faraday and Heary later carried out, who in- 
vent«d tbe calorimetor and the deHogmtor, and gave us the oxy-hydrogen 
blowpipe, a source of heat which enabled the French cbem lata later to hise 
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tub) a single glgaatlc Ingot a mass of pUtlDam welgbing not leM tbaok 
qaarter of a ton. 

Nor Bhoald I pass In sUence tbe reraatlle SlUlman, the oranlBclent 
Rogers, the astute Casnell, dot Hltcbcock the paleontologist and dis- 
coverer of the giant ornltblchnttea of the Connecticut BUer aaDdatoiMS, 
nor Lea the natnrallat, nor Clu70t the fftmoas orographer, nor ChaDTenet 
the mathematician and astronomer, nor Lawrence Smith the minendoglat, 
nor Wyman tbe biologist and physiologist, nor a host of others no teas 
worthy, whom time forbids eren to name. 

Alt these have gone to their rest, many of them ftall of years, all of them 
full of honors. Uthsrs have risen to 1111 tbclr places, no leas earnest, no 
less capable, and destined to be no less lllustrlons. I do not name them 
becBQse their work Is not yet done ; and becanse no blazonry of mine Is 
necessary to exalt a fkme which Its own Inherent force Is sore to carry to 
the remotest limits of civilization. Many of these are present here to-day, 
and to them and to you all I extend, in the name of the citizens of Hew 
York, a sincere and cordial welcome. 

On behalf of Colnmbla College permit ne toadd a single word. Though 
the National Academy of Sciences has, on several occasions, honored as 
by Its presence here, thla Is the first time that ]t has been our privilege to 
receive your mure coniprehenslve and more popular body within onr halls. 
It Is with nnfelgned gratification that we otter to yon all the resources at 
our disposal to ftellltate yoor proceedings and to aid yoQ in the prosecu- 
tion of your objects. Oar scientific collections which are quite worthy 
of yonr attention; oor library which yoa see around you; our masenms, 
our labo/atorles and otar lecture halls, are at year service. II there is any- 
thing which we have overlooked by which we may be able further to con> 
trlbate to yonr convenience, yon have only to mention It and It shall 
receive our prompt attention. In the name of the trustees of Colombia 
College and of the sercrat lenities, I extend to yon a warm and he&rthlt 
welcome. 

Pkbbideht LiMOiXT, (Or the Association, in replying, observed that the 
speaker had overlooked one of the most honored among the past presi- 
dents of the Association, and asked leave to supply the omission with the 
name of Dr. Barnard taimselr, after which he went on to express briefly 
tbe acknowledgments of the Association to the city and to those who had 
done so much to make Its kindness effective. 

FitEsioEKT Lanolbt then addressed the Association as follows : 
Manbert of the Attodation .-—While, for the main purpose of onr being 
here, we are all of one mind, some must remember a pecnliar pleasure 
in their first attendance, when they came to these meetings as solltaiy 
workers In some sabject for which they had met at home only IndllTereace, 
and held themselves alone in, till here, with glad surprise, they met 
others, too, caring for what they cared for, and (band among strangers 
a truer HeUowabjp of spirit than their own Eamlliar friends had allbrded. 
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With BDch commiinUieH of pnrpose, whorever two or three among ub are 
gathered together, IC la & h&ppy thing that we cannot remftln etrangera; 
for, doubtless, of the many here who have habltoally breathed "the calm 
and still air of duDgbtfal Btndles," there are few but know b; experience 
how hard It la for one coal to heep alight alone, and bow eapeclall; good 
It la for the solltaT^ workers to be brought at times into the warmth of 
com panton ship, so that, to a great many of us, it may be counted as the 
Tery chlefest good of such an assembly as ours to-day, that here each 
meets some one witli a kindred glow, and finds that Interest and ayra- 
patby ftom his co-worker without which the aclentiDc life would be but 
too cold. 

It le most fbrtnnate, nerertheless, that oar happy constitution, as a 
body not only of investigators In science, but of teachers and lovers of 
knowledge, brings those here Id greatest numbers who disseminate aa 
well as produce it, and who are skilled to recognize the Tslne of the 
newly mined product when brought Into this public exchange of ideas. 
We must admit here, too, that foolish Ideas as well as wise ones are brought 
to this open mart, and that, in dealing with the variety of papers now 
presented for acceptance, It becomes almost as hard a task for us to shut 
out folly as to entertain wisdom; for, after all, who are we that jadge, 
and bow can we say " wisdom Is in ns to decide," when it is cbleHy be- 
cause we are Ignorant that we are here? Probably th« only rule Is that 
taught by experience, that since art la long and life short, experience dif- 
ficult and Judgment oncertaln, knowledge commonly advances best by such 
little steps, that one foot la not lifted till the other Is securely planted 
on the solid ground of fact, and on the whole, then, while we agree that 
gome rare visitors have come to as by the "high priori road," do not 
Ut na welcome without scrutiny all those who would walk over It Into 
this Association's domain. At the same time. In view of our Ignorance as 
to the real nature and canaea of things, I would plead with those of you 
who are Judges, for a large tolerance, even of what seem to be errors of 
Specolstlon, when these are found In company with evidence of a falthfnl 
original study of facts ; for we shall then have, at any rate, done our beat 
not to turn away truth, even If she has come to us In aa unfamiliar dress. 

And now 1 can only congratulate this assembly of her followers on a 
meeting which opens so auspiciously, and express the hope, that whether 
In the new knowledge which we may take to the section-room, or And there, 
or In the soclsJ pleasures the gathering brings, this may fulfil its large 
opening promise of being a. fruitful and happy season to us and to oar 
Association. 

The Gbnbrai, SacRmRr announced the election by the Stindinq Com- 
mittee of 227 new members since the adjoui'nmeut ofthe Bufiiilo meeting, 
He also reported that the titles of nearly 300 papers had been received, 
severaiof which, being nnaccompanled by abstracts, had not been referred 
to the sections. 

After a few announcements by the Pkruakknt Skcrbtart, and by the 
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LocAi, Sbcrbtart, relatlnfc to details ot tbe meettng, the AmoclatloD pra- 
ceeded to the election of a Vice President for Section A, In place of Mr. 
Wh. Ferrbl, who was unable to be present. The election reaalted In th« 
choice of FrnlbBBor J. S. Eastman, of Washington, who had been pre- 
rlously noinliiated by the Stakdino CoHuiTtitB. 

The ABSOclatlon then proceeded to the consideration of sevenl propowd 
ameDdmente to the Constitntlon, and the following were adapted: 

1. The word Coanclt was substituted for the words '* Standing Com- 
mittee " throaffhont the ConstUutlon. 

2. The words Secretary of the Council were substituted for the words 
" Assistant General Secretary " throughout the Constitution. 

S. The last clause of Article 13 was struck out. 

4. Article IS was amended to read as follows : 

The Secretary of the Council shall keep the records of the Council. He 
shall give to the Secretary of each Section the titles of papers assigned to 
It by the Conncll. He shall receive proposals for roembenihlp and bring 
tbero before the Council. 

B. In Article 3S the last clause was amended to read as follows : 

All money thus received shall be invested as a permanent Aind, the ln> 
come of which, during the life of the member, shall tbrm a part of thejcen- 
eral fund of the Association ; but, after his death, shall be used ouly to 
assist in original research, nnless othervrlse directed by unanimous vote of 
the Council. 

The proposttlon to amend Article 9, line 7, by snbstitntlng the word 
Secretaries for the words " Permanent Secretary" was refected. 

Thb Pebmanknt Skcrbtart expressed the hope that one result of the 
adoption of the amendment to Article 86 would be a large Increase in the 
number of life members. 

[The Constitution as amended Is printed in the first part of this volume.] 

The Psiuf AKiMT SacRnART annonnced that notices of the death of the 
following members had been received since the Buflkto meeting. 
Wm. Ashburnkk, San Francisco, Cal. (29). Died April 20, 1S87. 
Damibl a. Bassbtt, Los Angeles, CaL (29). Bom Dec.8, 1SI9. Died 

May 26, 1887. 
Hkrbkrt a. Batnb, Kingston, Ont., Can. (29). Died In Aug., IBM. 
J. Watson Bbach, Hartford, Conn. (2S). Bom Dec. 28, 182S. Died 

March IS, 188T. 
MAKeARinTA Bowles, Columbia, Tenn. (26). Bled In July, IS8T. 
Punt B. Crasb, Haverford College, Pa. (18). 
Patrick Clark, Eahway, N. J. (83). Died March B, 1887. 
Frkderick CoLR, Montreal, Can. (31). Died in 1887. 
H. W. D*vEKPOBT, Washington, D. C. (80). 
Jos. C. Delano, New Bedford, Mass. (6). Born Jan. 9, 1796. DM 

Oct. 16, 1886. 
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JufH BucHiNiN Zam, New York (27). Born Uay 33, 1820. Died 

March S, L687. 
Lotns Habbl, NoTtbOeld, Tt. (84). 

B. F. Haurisom, Walllngrord, Coan. (II). Died April 3S, 1896. 
Wm. B. Hazbw, WasblDgtoD, D. C. (80). Boni Sefit. 27, 1830. Died 

January 16, I88T. 
Jamm a. Kibkpatkick, Philadelphia, Pa. (7). Died Inne 8, 1888, 
Joseph Libbkt, QeorsetoWD, D. C. (31). Died July 20, 1886. 
Edw. p. Ldll, Washington, D. C. (26). Born Feb. 20, 1886, Died 

Mar, H, 1887. 
J. 8. UcLachlah, MoDlreal, Canada (31), 
Gro. L, MitRLBR, Montreal, Canada (81). 
BSRKARD Pkhgh, Frankford, Pa. (35). Died in 188T, aged 87, 
TiiOHAS F. RoouBaTKR, BnlTiilo, N. T. (SEj. Died May 23, ISST. 
F, A. EoKDRR, Cincinnati, Ohio (80). 

JOBt, DoRUAN Stkklk, Elmlrs, S. Y. (83). Died May 2S, 1886, 
H. H. Stuaioht, ChlPBgo, III. (25). Died Nov. 17, 1886. 
J. R. Walkkr, Bay Saint Louis, Miss. (19). Born Aog. T, 1830, Died 

jQDe 22, 1637. 
Carl Warnbcke, Montreal, Canada (Si). Died May U, I8S6. 
Haurisok Wkight, Wllkesbarre, Pa. (29), Bom Jniy Ifi, ^860. Died 

Feb. 30, 1886. 
£dw, L. Youuams, New York, N. Y. (6). Bora Jane S, 1681. Died 

Jan. 18, 1887. 
TheGKMuiAi. Srbsion then adjourned. 

Wbpnbsdat Bvmnio, Auodst 10. 

The second Qbhbral Sicseioifof the Association was held in the Library 
Hall, Wednesday evening at 8 o'clock, President Langlby In the chair. 
The only baslness was the delivery of the usual annaal address by the re- 
tiring President, Proftssor Edward S, Horsk [which Is printed In Ml In 
this Tolame]. 

At this session a com man i cation was received rrom Mr. H. F. J. Por- 
ter to the effect that the mnseams or the School of Mines would be thrown 
open to the members of the Association Immediately after the adjonni- 
ment of the session and every day during the meeting between the hours 
of 12 and 2 p. u. 

TuasDir MoR.viNO, Acoust 16. 

The third Gknrral Skssioh was held in the Library Hall, Tuesday 
morning at 10 o'clock. President Lanolkt In the chair. 

The Obnrbal Secbetart annonnced from the Somsirma CoHHrmoi 
the foliowing list of ofQcers nominated for the neit meeting of the Asao- 
clatlOD and, In accordance with a unanimous vote of the Association, cast 
a single iiallot for the entire list, who were therenpoD declared duly 
elected as follows i — 
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J. W. POWKLL of WsSblngtotl. 

VICE FBESIDBNTS. 

A. HathematioB and AatroDOmy — Osmond Stone of UnlTeEsil; of 

Virginia. 

B. Fbyaioa— A. A. Michelson of CleTeUnd. 

C. Cbeoiiatry— C. B. Munrob of Newport. 

D. Heo}ianiaal Soienoe— -Caltin M. Woodward of St. Louis. 

E. Geology and Geography— Gbobob U. Cook of New Bransn-iclc 

F. Biology— C. r. Ruby of Waabtngtoa. 

H. Anthropology- C. C. Abbott of Trentoa. 

I. Eoonomio Soienos and StatiBtios- C. W. Sun.KY of Washington. 

f EBUANEITT BEOBETABT. 
F. W. PuTNAU of Cambridge (office Salem, Mass.). 

GENEBAL 8BCBBTABY. 

J. 0. Arthur of La Fayette. 

8E0HETAET OF THE OOTTNOH.. 
C. Lao MiKS of Athene. 

8E0BBTABIES OF TEE SECTZOKS. 

A, Hathematiaa and Astronomy- C. L. T>ooiJTTue of Bethlelieni. 

B. FhyslOB- A. L. Kimball of Baltimore. 

O. ChemiBtry— William L. Duslbt of NasbvUle. 

D. Meohanloal Soienoe— Arthur Beardbley of Swarthmore. 

E. Geology and Geography— Oboroe H. Wiluams of Baltimore. 
P. Biology— H. L. Bbitton of New York. 

H. Anthropology- Frank Bakbk of Washington. 

Z. Eoonomic Soienoe and Statlatloa— Cbas. S. Hill of Washington. 

TBEAStrUEB. 

William Lilly of Manch Chank. 



The recommendation of the NoHiNATixa Comhittsb t^at the next meet- 
tng be held In Cleveland, Ohio, beginning on the fourth Weduesda; of 
August, was approved b; the Association. 
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The list of fellows, serenty-elght In number, that had been elected bj 
the CouKCiL, was then read by the Gkhikal Sbcrktart, as foIloTFS :— 



FELLOWS ELECTED. 



Allen, T. F. 
Babbtlt, Miss Franc E. 
Btdlej, L. H., Jr. 
Bams, CarL 
Bates, H. H. 
Benjamin, Marcos. 
Benjamin, Raphael. 
Brace, Dewitt B. 
Britton, Mrs. N. L. 
Campbell, Edward D. 
Chester, Frederick D. 
Clayton, H. Helm. 
Comstock, Qeorge C. 
Crampton, Charles A. 
CuIlD, Stewart. 
Bay, D. F. 
Da Bole, Patterson. 
Eodemanu, Hermann. 
FaU, Delos. 
Fernow, Bemhard E. 
Fine, Henry B. 
Flrmstone, F. 
Flint, A. S. 
Falton. K. B. 
Oeyer, Wm. E. 
Gold, Theodore S. 
Harris, W. T. 
Hill, Chas. S. 
Hlrsclifelder, C. A. 
Holmes, Joseph A. 
Hulst, a. D. 
James, Edmnnd J. 
Jastrow, Joseph. 
Johnson, L. 0. 
LnSamme, J. C. S. 
Lambora, R. H. 
Leavenworth, V. P. 
Libbej, Wm., Jr. 
HcLeod, C. U. 



Hagle, Wm. F. 
Heeh, S. E. 
Merrill, F. J. H. 
Metcaif, Wm. 
Moore, Robert. 
Morong, T. 
Newberry, Spencer B. 
Norton, Thomas H. 
Nuttall, Mrs. Zella. 
Osborn, H. L. 
Peabody, C. H. 
Pengra, Charles P. 
PhltUps, Henry, Jr. 
Porter, T. C. 
Power, Frederick B. 
Prentlsf, A. N. 
Ricketts, P. C. 
Rising, WiUard B. 
Rotbrock, J. T. 
Ryder, J. A. 
Scott, Wm, B, 
Scorell, M. A. 
Bcrtbner, F. L. 
Sharp, Benjamin. 
Shepard, James H. 
Smith, Erastns Q. 
Smith, Theobald. 
Steere, J. B. 
Stockbrldge, Levi. 
Tamarl, Elzo. 
Treat, Mrs. Mary. 
Vasey, Geo. 
Vaughan. Victor C. 
Vining, E. P. 
Westou, Edward. 
Whlteaves, J. F. 
Williams, Benezette. 
WilUon, Frederick N. 
Wrampelmeier, Theo. J. 
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The Gbnkiul Skchbtirt then presented a conunaaicfttlon from ths 
CouNcn. respecting the reports of specl&l committees, sad action wfts Oken 
«s f oUows : — 

1. CommtiM on the Sefflitratton of Dealhi, Birth* and Marriagfi. This 
Committee had made a brief report and was continued, and J. 8. Newberry 
of New York was added to the Committee. 

2. CommOtee on Stellar Magnituilet. This Committee had presented do 
report to the Council, but after explanation bj Professor Ormond Stone, 
It was voted to continue the Committee. 

8. Committee on International Seieniifie Congrtf. This Committee had 
made no report and was dlscontinned. 

4. Committee on Indexing Chewieal Literature, The report of this Cont- 
mlttee had been received and had iieen read In Section C. The Committee 
was coDtlnued. 

5. Committee on International Oangrtu of Gmlogitti. The report of 
this Committee had been received and discossed la Secdon E. The Com- 
mittee was continued. 

fl. Committee on Anatomical Nbmenelature. The report of this Com- 
mittee liad been received and placed on flle. The Committee was contln- 

7. Committee on Traneportation of Speelmene through the Maile. No 
report had been received from this Committee and it was dEscoutinaed. 

S. Committee on Phj/»tct Teaching. This Committee bad made a report 
of progress and of plans for the future and It was continued. 

The Gbmbral Secrrtart then presented several resolutions that liad 
been approved bj the Codkcil, and thej were adopted b7 the Association 
aa follows :— 

1. BetoluUon relating to the CoaM and Geodetic Sunej/. 

Whereae, it baa been generallj understood that the preaent snperlnt«nd' 
ent of tbe United States Coast and Qeodetic Survey was onl; appointed 
to act temporarily In that capacity, and that it was the Intention of the 
President of the United States to appoint, ultimately, to this important of- 
fice some one, who, while his Integrity and executive ability sliall com- 
mand tbe eonfldence of tbe Executive and of Congress, shall be qnallfled 
by his previous training In, and his familiarity with, scientlBc methods to 
direct its scientillc worlc ; therefore 

Setolved, that It is respectfully urged upon tbe President by tbe Associ- 
ation, that his early action in making such an appointment would not only 
gratify scienUflc men, both at home and abroad, but would conduce greatly 
to that true economy in tbe administration of a scientific work, which Is 
based npon a foil comprebeDsloa of Its methods and processes on the part 
of Its superintendent. 

2. Jletolutton relating to the EatabHshment qfa Bureav cf SiandaTi*. 
Beeolvad, that In view of the rapid Increase In tbe applications of eleo- 
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tricitjr in orOlnary sSUra, Its probable exteiisW« use u k aonrce of power, 
Ilgbt, etc., In the ne&r raCure, and tbe coasequent Importance of providing 
means for lu accurate measure meat, tbls AbsocUIIoh respectfatly arges Up- 
on CungrcBB tbo Important^ of the estsbilBbment of a Burean of Standards, 
b7 wbich aecorate standards of measure abatl be coDBtrncted and estab- 
lished Dot onl7 for electricity, but for beat, light, etc., and arrangements 
made for tbe IssDe of anthentlcated copies of the same whenever possible. 

8. BeMoltUton relating to Index of LUenUure of XeteoroUgy. 

Baolved, that the American AsaoclaUou for the AdTancement of Science 
recogiilzes th« great prospective value to both practical and scientlBc men 
of the pabUcittlou by tbe Government of the Index to the Literature of 
Meteorology now prepared b; the Chief Signal Officer, and aasares him of 
the hearty Indorsement of any action be may take looiilug to this end. 

4. RtrnVaiton rtlattng to the Frutrvation of ArcKaeologic Momnnmu. 

Eeaolved, that this Association appoint a spedal committee consUting 
of Miss AuOK C. Flrtcubk, and Mrs. T. Stevknsoh to memorialise Con- 
gress to take the necessary steps for the preservatloD of arcbffiologlc 
monuments on the public lands of the Uutied States. 

6. StioltUloti rtlattng to Tariff on HeteiUific Book* and Apparatui. 

Baolved, that the President of tbe ABSOclatlon appoint acommlttee to 
devise metbodn for obtaining from Congress a reduction of tbe tariff on 
sciemldc buoka and apparatus, wltti power to acc 

The Committee appointed by President Langlkt under the foregoing 
resolution consists of Professor B. D. Cope, Professor J. R. Eabthan 
and Dr. J. S. Bilunob. 

6. Bttolutlon relalltig to Jj^intment of JVaruportation Agent, 
Itetolned, that Mr. P. H. Dudlsy of New York be requested to act 

aaaii Agent of Transportation for the Association, with full power to make 
such airangementa as may be possible, In connection with the Local Com- 
mittees of future meetings, lor the tninsportatlon of members of tbe As* 
Boclotion to anU from tbe places of meeting. 

7. liuoluUon relating to Aj^ntment of Agent to take Copies of Beeolu- 
Mona to Waihiagton. 

Betolvad, that tbe President of tbe Association have power to appoint 
a memlwr, as delegate, to take to Washington and deliver to the President 
of the United States, and to tlie proper officers of Congress, copies of the 
resolutions relatlug to tlie Coast Survey and to the proposed Bureau of 
Standards (Nos. 1 and 2 above). 

[President Lanolbi Bubsequently appointed for this service Prof. T. C. 
HENDENHALLofTerre Haute.] 

Tbe Peruanknt SacKKTARY announced that he bad received letters Id 
relution to the desirability and feasibility of holding some future' meeting 
in tbe city of San Francisco; and also that, since the action of the Nom- 
IHATINO COKuiTTKB In Selecting Clevelaud for the next place of meeting, 
an luvitation fbr 1688 had reached bis bands flrom Toronto. 
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After an aniiaanceinent rrom tbe Locu. Coumittee relating to tbe re- 
ception It) the evening-, the Obnbral SssstuN adjonrned. 

Tuesday Evbsino, Adqust 18. 

Tbe closing Oenkril Session was helil Tuesdaj evening In the Ltbni7 
Hall at eight o'clock, President Lanqlbt In tbe cbalr. 

The Pkrhanent Shcbrtahy read a comraanlcatlon from Mrs. Sara L. 
Saukdbhb, relative to a propoHiid memorial to the late Mrs. Erminhik A. 
Surra, Secretary of Section H for the Ann Arbor Meeting. 

The Gbnbrai. SscRBTAitr presented tbe following resolatlon from the 
CoDNCiL, and it was adopted. 

Baotved, that tbe American A8so<datlon for the Advancement of Sci- 
ence approves and endorses the movement to erect In New York f^vf a 
soluble monnment over the remains of J. J. Auddboh, tbe omltholugtsL 

The Gbkicbal SBcaBTART presented the following resolatlon, and It was 
adopted : 

Beiolved, that tlie thanks of the Association be returned b; the Penns' 
nent Secretsry to the Major of the city of Toronto, the Canadian lostltvte, 
the University of Toronto, and University College, for tbe Invitation to 
hold the meeting of tbe Association In Toronto next year; that tbe Asso- 
ciation regrets that other arrangements bad been completed prevloos to 
the arrival of tbe Invitation, and hopes that It may be able to accept tbe 
conrtesles of tbe city of Toronto In some futore year. 

The Gkneeal SkcrktaBt read the following res<dQtlan proposed by a 
Special Comhitter of tbe Council: 

Betolved, that in view of the very cordial welcome which this Associa- 
tion has received at Its flrst bnt long contemplated meeting In the city of 
Hew Tork, Its warmest thanks are due and are hereby tendered as fol- 

To the Trusters of CaLUMSiA CoixsaR for generously placing their 
buildings and apparatns at the service of the Association during the week 
of tbe meeting. 

To Bev. Dr. F. A. P. Barnard for promptly and cordially assuming at 
abort notice the onerous datlcs of Chairman of the Local Committee, and 
for his able and courteous welcome to the Association at tbe opening 
session. 

To the CoMHiTTBE appointed bt tbb Hew Tore Acadrmy of 6c(- 
RHCEB for Its tireless efforts and efficient cooperation with the Local Cont> 
mlttee, to ensure the success of this meeting of tbe Association. 

To Mr. H. P. J. PoHTRR, Qeneral Superintendent of Columbia CoUeg^ 
for the completeness of bis arrangements for the comfort and accommodtt- 
tlon of tbe Association In all branches of Its work. 

To the ToRKRT BorAHiCAL Club, to wbose anceasing eOTorts tbe Asso- 
elation Is so much Indebted for the social as well as the scientific saccesi 
of the meeting. 
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To Uie CoLLiOK OF THE CiTr OF ITrw York for the liberal offer or the 
nse oriu buildings. 

To Professor H. L. Fairchild, Secretary of tbe Local Committee, oa 
whom has devolved B large share or the laborof preparatioaandexecatioD 
«f the arrangements (tor the meeting, and to whose energ; and execntlve 
ability the Huccess of the meeting is ao largely dne. 

To Frofeasor D. S. Mjlrtih, Mr. F. H. Dudlet, Mr. Hbnrv Monrtt, 
and Mr. B. B. Southwick, for the arrangements which have resulted In 
snch pleasant receptions, delightful excnrsloua, and {kcilltles for trans- 
portktlon, and for free nse of the telegraph. 

To Mrs. J. S. T. Stranaham and the Dirbctors of thb Union Fkrbt 
Co., for the exceedingly enjoyable excarslon in the harbor of New York. 

To Mr. O. F. Kvsz, Mr. L. F. Qbatacaf, aad their many associates on 
tbe Local Committee for their zeal in their varied work and especially for 
their success in securing to the Aasociation so large an accession of desir- 
able membem. 

To the Ladies' RacRFnoN Committhk for their many kindly courtesies 
during the meeting, and especially for the reception to members and their 
families in the Metropolitan Opera Honse. 

To Honorable H. G.P«ab80N, Postmaster of New York, for his kindness 
in arranging the conveniences of a local post-offlce; and to Mr. O. C. 
VooRUBBs, the assistant in charge of the local post-offlce, for his success- 
ful management of the duties of the position and for nnfaiUng courtesy 
in his deaUugs with the members of the Association. 

To ttie several Railroad, Telborafh, and Exprkss Companies that 
have furnished special rates and accommodations. 

In support of the foregoing resolution, Frofessor W. H. Brswer dwelt 
particularly on the favors shown by Columbia College; Professor?. W. 
Clarke recogniied the service rendered by the Academy of Sciences; 
Profeasor C. H. Woodward spoke in appropriate terms of tiie labors of 
the Local Committee ; Professor W. Q. Farlow called special attention to 
the efficiency of the work done by the Torrey Botanical Club ; Dr. Joseph 
JaSTUOW warmly acknowledged the ellbrts of the ladies that had been 
crowned with snch brilliant success. 

The resolution was adopted by an unanimous Tote. 

The statistics of the meeting, prepared by the PmurANENT Secbetabt, 
were then read. 

The PitRMANENT Secretary also gave effect to a Tote that had previ- 
ously l>een passed by the Council, by presenUng, in the name of the Asso- 
ciation, to the eCBclent Local Secretary, Prof. H. L. Fairchild, a complete 
set of tbe volumes of Proceedings of the Association. 

President Lakoley followed with a few closing remarks, and the 
meeting adjourned. 

W. H. PEITtlE, 

General Secretary for the 
New Torlt Meeting. 
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Appkkdix to Bepobt or Grmeku, Sbcrktabt. 

Aside from the regolar and formal sessions, whose proceedings *re re- 
corded on tba preceding pages, the AsRoclatlon had opportunltj to meet U 
a tMdy at several receptions and excarslons. 

Thorsda]' evening, the Ladiks' Couhittkb tendered a geoenl receptton 
to tlte members of the Association and their families at the MetropoUtan 
Opera House. 

Friday afternoon, a water party and reception were gireo by Mrs. J. fi- 
T. Stranaujih and the Diiiectubs or thb Uxion Fkrrt Compattt. Tlie 
party was taken on the ferryboat •' Brooklyn" to view the Upper B^, the 
United States Navy Yard, Governor's Island and the Bartboldl StAtoe of 
Liberty. The sail waa extended through Uie Lower Bay as far as the Iron 
Pier at Coney Island. 

For Saturday, two eicuraiona were arranged : one by ocean steamer to 
Long Branch, the other up the Hudson River to West Point. On the river 
excursion, dinner was provided by the Local CouMrms at Cmmton's 
Hotel 

Monday eveniDg, a special meeting of the Nkw Tork Acaduy of Sci- 
RHCKS was held in the Library Hall, to welcome the Association. Pro- 
fessor J. 8. Nkwbksry presided and exhibited a collection of interesting 
fossils. An appeal was made by Professor D. S. Martin for aid towards 
erecting In New York a soitubie monument over the remains of Andubon. 
Professor Hesry Drummond of Oiosgow delivered a lecture on " The 
Heart of Africa," giving observations on a recent scientific tonr to the re- 
gion ofthe Zambesi and Lake Tanganyika. Mr. Q. F. Ednz fbllowed with 
a brief paper descriptive of a remarkable collection of meteorites and pol- 
ished agatized wood, which was on exhibition. At this meeting It wu 
announced that Mr. Erastus Wihan of Staten Island had extended ao In- 
vitation to tbe ADiociatlon to visit the spectacular performance of the Pall 
of Babylon on Wednesday evening, and had placed Id the bands of lh« 
Local Secretary two bnndred tickets of admission lor the use of members. 
After the adjournment of the Academy a collation was served In the lower 

Tnesday evening, after the adjoarnment ofthe Association, there was a 
general reception and collalloD tendered by tbe LoOAt. CoMMrrrBS. 

Dnrlng the week Of the meeting and after the flnnl adloarnment, ar- 
rangements were made for several excursions and exhlbldons, to which 
special sections and parties of members were Invited. 

A lunch was provided dally Id tbe basemeot of tiie Library building at 
which a variety of dishes were served at a very moderate price. 
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HEFOBT OS TES PERMANENT SECBETABT. 

The long- deferred experlraent of holding a meettog of the AsBoclatlon 
Id tlie cUy of New York, lii the middle of August, boi at last been made, 
«iid the succeiis of the meeting baa proved thut the many obJectloDS 
raised In past jeara were In large part 1 magi nnry, and that tbe only objec- 
tion to New York la common to all other citiex,-^ the absence duilng tlie 
■nmmer of a large nnmber of citizens who would natarally take part in 
tb« arrangements for the meeting and attend the seBHiona. There are, 
honever, lu every large community a enfflcleut number of earnest men 
and women who are read; to do all that should be expected by a visiting- 
association, and all that Is called for by the demauds of courtesy and hos- 
pitality. 

That this was eminently the case In New York was at once shown by 
the hearty cooperation of tbe Local Committee of citlzeiis that organised 
at short notice and was so earnestly sustained by tbe trustees and officers 
of Colnmbta College, by the members of the Academy of Sciences and of 
the Torrey Botanical Club. 

Tbe report of the General Secretary and the daily programmes must be 
referred to for particulars which bear witneas of the snccessfbl effurts of 
all the sub -committees of the Local Committee, each working tn Its own 
line for tbe grand result which was accomplished. 

Tliat the good will of the committee followed the Association, after Uift 
excitement of the meeting was over, Is made apparent by the fallowing 
letter : 

To WiixuM LiLLT, Treasurer of the A. A. A. 8. 
DEAJt Sir i 

I have the pleasure of paying to you tbe sum of three hundred and 
three dollars, tbe amount of surplus In the treasury of the New York La- 
dles' Committee for entertaining the American Association for the Ad- 
vancement of Science after expenses were paid. This sum was nnaul- 
monsly voted by the Ladles Committee to the General Society. 
Tours truly , 
(Signed) Mrs. Sylvanns Reed, Treasarei 

of the Ladles' Committee. 
New York, Nov. 26, 1887. 

Of similar Import, and showing an appreciation of the objects of thft 
Association Is the gift of three hundred dollars from four gentlemen In 
Fittobnrgh, In response to Mr. Brasbear'S statement that allttle outside aid 
would be acceptable to the Association. Such contributions as these, and 
gimiiar ones which have occurred occasionally In the past, are certainly 
encoaraglng and lead to the belief that, with a little eftirt, the Assoc!*, 
a. a. a. 8., toe. xxxti. 88 (S68) 
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3S4 BXKCUTIVB FROCEBDItlOS. 

tion coaM b« provided witli « fund rrom which a coDatderabte sam could 
b« appropriated annaitUr In aid of original reneAtch, or to carr; on tpe- 
■cial iDvestlgatloDS by coromUteea acClug under the direction of the Asso- 
ciation. 

SiDce the adoption of the present constitatlon, a small fund has accnniQ- 
lated, derived from the comrnutation of aaseasnieiits, the Income of wiilctt 
can be QBcd, bj vote of the Council, fur aldlnj; original research. Fortbe 
llrat time an appropriation haa been miide froni thU fund, and the income 
for the past two ;earB ir&ti appropriated b; vote of the Council at the re- 
cent meeting. Althongh the avalliible sum was small, a beginning in the 
right direction has thns been made. In order to Increase thlM ftind It la 
urged that members who can make It convenient shonid commute tbelr 
aaaessmenta by the paymeut of flfty dollars, the Income of which can be 
nsed for the current expenses of the Assoclalion dnrlng the life of the 
member, the principal eventually to be added to the Research Fund. 

The BtaUatlcB relating to the NewTorlc meeting ms; be briefly given aa 
follows: — Dnrlng the meeting, In nddltlon to the presldeiitini address 
and reports of special commltteea, there were given, In the eight seo- 
Uons, seven addresses by vice-presidents, and two hundred and llfty 
papers, or the papers, 19 wure In section A, 3S In B, 4S In C, 23 In D (In- 
cluding foar at the union meeting of D and I), 47 In E, S9 in F, 3i Id H, 
and li In I. 

The present volume'contnlns the addresses of the President and Vice- 
presidents, four special reports (one printed under Section C), and more 
or less extended abstracts of one hundred and f&rty-slx papers ; wtille one 
hundred and four papers are given by title only, in most cases owing to 
tlie failure of the authors to furnish the secretaries of the aectlons with 
proper abstracts before the close of the meeting, as now required. 

Seven hundred and twenty-nine members and nssoclntes were registered 
during the meeting from the following places : — cities of New York and 
Brooklyn,21I,otlierplaceslnNewTorkState,83;PBnn8ylvan1n, 63, Wash- 
ington, Si; MosBachnsetts, 48; New Jersey, 43; Ohio, 37; Connecticut, 
82; MIciilgan, 17; Illinois, 17; Maryland, IS; Missouri, 10; Indiana, 9; 
Florida, 9; Canada, 9; Wisconsin, 8; Nel]ra<ika,S; Ten'iessee, T; Lonlsiana, 
6; Virginia, 6; Kansas, 6; Rhode Island, 4 ; Kentucky, 4 ; Alabama, 3; North 
Carolina, 8 ; Vermont, 8 ; New Hampshire, Maine, Minnesota, Delaware, 
Mississippi and Iowa, 2 each ■■ 12; Arlcansaa, Georgia, Dakota, CailfoT- 
uia, France, I each >= 5 ; = 729. 

Three bnndred and nineteen members have been elected since the Buf- 
Mo meeting; of tbesf^ 271 have perfected membership, two have declined, 
and forty-alx have not yet replied to the uotlflcatlona sent to them. Two 
elected at Ann Arbor and six at BnOkto have perfected memt>ership since 
the last report, and seventy-six old members iiave paid arrears, making 
an addition of 85S names to the list since its publication in the Buffalo 
volume. 

Since that list was published thirty iMmea have been transferred t« the 
list of deceased members, 333 have l}een OQiltt«d for arrearages previous 
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OF THB PSBIIAHKNT flEORETART. 8fi5 

to the Baffolo meeting, u)d 28 ture rwlgned, maklog SB6 names t&ken 
fb)ra the roll pabliahed In tUe BafTulo Toluine. 

Of the I0S6 members now on the roll, IS4 &re tn arrears for the Buflklo 
nod Ken York assessmeDta. Twenty-tbree merobera have become life 
rnerabers during the past ;ear. Flfty-Qre memtiers bare been transferred 
to Che list of fellows durlDf the jesr. 

The noniber of meraben and Allows given on the roll pablUhed la the 
BuOblo volanie Is ISB6, and Id the present volume, 1956, an Increase at 
70, divided as fbtlows : 

Bnfhio ToL New York vol. 

Patrons S 3 

Members 1268 1286 

Honorary Fellow .... 1 I 

Fellows eag eer 

Total, 1S8S I96S 

The cash account of the Fermaaent Secretary, as printed on the follow- 
ing pages, begins Jnst prior to the BatTiilo meeting, and closes prior to 
the New York meeting, or fMm Aag. T, 1886 to Aug. 1, 188T. It will 
be noticed that the cost of tlie 2600 copies of the BntAto volome was kept 
within the (2600 authorlied, and that not only were all the expenses of 
the year met by the receipts, but that nearly f400 were paid on the debt to 
the Permanent Secretary. 
The Funds of the Association are as fbllowa : 
RKaR«^BCR FuMD. 
Aug. 1,1887. Principal and Interest to date, . . . «8,467.81 

By vote of the Council at the New York meeting 

there have been paid bom this amoant : 
To Professors Mlchelson and Horley to aid them 

tu the establishment of a standard of length, . tlTS.OO 
To Dr. C. S. HInot for Utustratlona of papers on 
Uie development of the hnman placenta and on 
the supra-renal capsules, 126.00 9800.00 

Present amoont of fbnd, 98,167.82 
The Income of this sum can be appropriated by the ConncU to aid In 
original research. 

Gbhkbu, Fn.SD. 
Aug. 1, 1887. Principal and Interest to date, . , . $107.81 

This hind can be expended for any purpose by vote of the Council. 
F. W. Putnam, 

Fermattent Btcretary. 
Salbu, Mam., Uar. 8, ISBS. 



n,g,t,7rJM,GOOglC 



85fi ixKConrz PBOCBEDOias. 

t. W. FUTNAH, FEBHANBNT 8ECBSTABT, 
Dr. Thx Amkbican Assocutioh fob 

1886-7. 
To ftdmlflfllon fees BuflUo Meeting .... $ 550 00 
" ■' preTloaa to BaBUo Heeting S 00 

" Kew York Meeting 
FellowiUp f ees 



preTloDS to BnDklo 
" forBuQUo Meeting . 

" " New Sort HeetlDg . 

" AasoclateB, Bnilklo 

PnbllcfttloDB sold .... 

Becelved for binding .... 

" " 20O coptea of Addrees ^ 

PresldeDt, Sec. H 

'PoBtftge ftnd expreas refDnded 

Gift of Oen. Wm. Llllj . . . 

" ■' Mre. Esther Henoao 

" " Dr. J. E. Cbapln . . 

" " Hi. ChM, H. BockweU 

" " Mise Helen C. D. 8. Abbott . 

" ■' Bev. Rapbael Benjamlo 

■' " Two members, ^10 each . 

Ufe membership ciominntatioiis . 
Balance dne Fermanetit Secretary, ' 



4706 Ot 



8alkk, Mass., AcausT 8, 188T. 



•9,>iS 81 
I bare examtned tbe abore acconnt and It 
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CASH ACCOCNT. 807 

IN ACCOUNT WITH 

THB ADVuicnnNT or Bcasat. Cr. 

lSM-7. 

By 3S00 copies Proceedloga Tot. 85 (469 pag««) 

Composition and ftathars' changes ... $ 920 40 

Boxes Tor 100 ster. pistes S 00 

IIlDStTatlODS S SO 

Paper and press-work 1,029 IS 

Priottng papercovere & binding 2400 copies 234 00 

«2,ai9 05 

Blodiog 2S copies Vol. BG, one-half morocco 25 DO 

76 " " " cloth .... 87 BO 

aoth corers, 2S 600 

PrlntlDg wrappers and wrapping 2600 vols. 2a 7G 

2200 extra eoplos of elcTen addresses and 

reports 126 18 

Addldonal extras for anthor (Befanded) 13 36 

ass 78 

600 copies Constitution, List of Members, 

etc 120 00 

Expenses of BuffUo Meeting 88184 

461 84 

Express, including dlstrlbotlon of Vols. S4 

and 88 706 87 

Postage, Box rent. Postal Onlde .... 234 68 

Cable, Telegraph and Telephone .... S 21 

949 76 

Proceedings boaght 9 SO 

Priotlngclrculara, blanks, tickets, cards,etc. 92 80 

Petty expenses, Inclodlng staUonery sod 

record book 27 87 

Extra labor 18 60 

Boxes for publicaUons 11 60 

Bent of office 108 00 

• 268 17 

BaUryof Assistant Secretary ..... 60000 

" " Permanent " ...... 1,250 00 

• 1,T60 00 

To Life Membership Fond 260 00 

Balance dae Fermaoent Secretary 1886-< acct 8.184 26 



99,862 81 
if correctly cast and properly rooched. 

H. Whsstlamd, Auditor. 
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INDEX 



Abbe, C, title of paper 

Abt>a[t,C.C., title of pi^er 

H. C. Dee., llll*or)Wper , 

Aboriginal diTslling-iitsB In the Chain plain vallef. 

New York TJlUgei 

Aoenaphttieng, action of sbloiinean 

AoetoDe. action or ■lllcon fluoride on 

llmitaafUiedlnclbroinlnaUonar. 

Actor Incorporation, 

Addreaa, A. B. PreacoU, Vice Prealdsnb, Seotion C 

D. (i. Brinlon. Vice Prealdent, Seetlon U 

K. B. Co je, Vice Prealdent, Senllou D 

B. S. Morao, Retiring Prealdent 

..I O.K. Gilbert, Vice Prealdent, 9eetlan E 

. - H.E.AlTord.Vioe Prealdent, Section I 

W. A. Anlbony, Vice Prealdent, Seotion B 

W.G. Farlow, Vice Prealdent. B«iOonr_ 

.ficldlnm on Jnnlperua 

Aefthealomeler.demoDatrUlanaf. 

Allaya or calcium and line 

AIoM aapldlaaima, on atruotare of ■ 

AtTOrdtU.E., Addreaa, Vice Prealdent, Sootlon L 

BelatlTo Tiilnea or different klndaafnllfcud milk 

title or paper.. 



Amerlcui camlTora, origin 

sjatem or water pDrlfloatlon 

Amine anIU of para-tolaene-aDlpbonle add 

Anatomical nomenolature, report oroommlttea 

Anhfdroua atumlniim chloride, new method or preparation 

AnlhooT, W. A., Addreea, Ttce Prealdent, SeoUoo B. 

Appnratuafbr fractional diatlllallon 

Appendix to reiiortof committee on iDdeiIng ehemlcal HteratDre 

AroLiaolosIc moniimenta, preaei-vatlon of 

Aromatic am inea, action of, npoo oeruhi anbatltuled nnaatumted tclda 

Aatarolda, photDDIBlrlc obsei-ratlDna 

Aatronomlcal andpnyaloal Initrumanta, atandard dlmenalana In 

Atmoaphere, electrical eondltlon In ralr weatlier and daring a thunder aton>, 

Atwater, W.O., Food or working men and ha relation to the work done 

■ On cheraloal changea aocompanjlng oamoae In llTing or^an- 

lam, lUnetrBted b; the ojater 

-■ ■ On the determination or nitrogen by aoda-ltma 

Phfalologloal and pecnalary eoonomf or rood 

Babbitt, F. B., HluBtrallTenoteaeoncemingtbeHtnneaoUOiVibWM 

Bahama Iiland a, atuilj or a oommnnlty In 

Ballejr, E. U.S.. On the deUoacy of the aenae of taite 

Baker, F.,Utle or paper 

(368) 



n,g,t,7rJM,GOOglC 



IHDSZ. S59 

BamaTil, p. &. P.. AddrM* of welcome Md 

Bnur, Ueorge, lltlei of pipen SIS 

Boil, W. J., Utle* orpapen S7S 

Bemialiiiinii. W. U., AbOTlslnal Sev York TUIt«ui 110 

B«nieUBBD]pboiilcacl>l,u1Uof IM 

Bereit jrril III norlbcuUrn Oliln SIS 

Blgslow, F. B., Tli* phenomauk of solar TorUoaa fli 

U, P., On tlie iiructurt or Uie frooJ 1b Cbampla pana|aHarT ITl 



Bluks, L. t.> A methoil of Klepbonle eonmoDioaUoa between eblpaat aea— ■ 

Bomb, F., tiUeaor jiaper* 

Bonilt la ttructunil formalHi 

Bobs. L., utie o( pnper • — 

Bnuse, DeWIUB., llLleaafpapera 

Brain, relation orUiocnmoilsBamlotfaeftimaUoii of Ibe cnoepluUD vealolaa 

Braiiner, J. C- UHea of paperg 

BranaCiril, J. F.. Cllmailo and aanlUrj aote* on ths Nluragni oanal roaU... 

BraMnlapeltotaFurab. hliloloKJoribaTeceCMltaorganaDr. 

Braahear, J. A , gilt (hraiigb 

ewniUnl dlmgoalon* Id aatrononiliial and plijslcal Inalrn- 

HUM or paperi 

Bromlnalloii of acetone • 

BriDEoii, D. U^ Addreaaor. 

The BiibdlvlaioBB of tbs palnollthlo period 

N. L., Noteaon tbeaoraorclieKlll*tlno7DU>UDMliii. 

Title or paper. 

Buflnlo-iniat prolilim In Uia lower Hlaalaalppl taller 



Carbart, 11. S., The almnltaiieoui meaaBicmeot oT the apoedof an engine and 

dynamo by eleotrleltr ■> 

title ol paper ISO 

CaniKoni, Ainerlnin, origin ol tB9 

arlglnof Iba aecto rial teeth SM 

Ciub acuouiitot permanent Becrctarr IBS, 196 

Champln parrula Uarr., atrDulure arUie rronil In tit 

Chainplain valla;, aboriginal dwelliug->llea In 3M 

CbemlaLrj ot gernilnatlOD. ..•..-....- ...,•■•..• UQ 

ClieolBr, r. D., Tbe aUM line urtieiiitne and MBOfllaled rooka i a prallmlDar; 

notioa of tbe aerpentlaea of BonthcBit PeonajlvaulB S2i 

Cinchonas of Bolltia ITS 

CI ncliinatl group of the Hontloullporold eorula Sat 

Cirtca, Kcienoe of. ' ■ ■ ' <.- .,...,.•.... SSS 

<;l»»»lflcolU)ii,reniark»on Ml 

ClBTpola, E. W., -'Lake Cuyahoga:" a slnil; In glaolalgeologT SIS 

The lour great landitane* of Fei'Daylvanla MT 

Wliat lalt?. a« 

CicTeland Heeling HO 

^— offloerafor MS 

Uooalne. higher hom a logtiee of. 131 

Cuefflolenlaof expaaalanormetHlaindglaaa. W.SI 



Committee on anatomloal Domenelatnre, report 

■■ — Indexing oliemlwl literutura, appendix to report... 
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ComnilUeea. >peclB) 

Com»Iock, T. B.. title • of papen. 



Cook, C J^ title D/ paper. 

Ca|<e, B. D., Tbemcobanlcil orlglD of (he eectorUl teMb of thaCaralrorm.. 

The pi Deal eje In eillBct Teitebrata ■ 

CopiMrBntlmniilde. DCcarrenoalnnBtare 

Coiillor.J. H., DeTclepmsntof theumbellllbttnlt.. 

Council, New York HeatlDK 

Coie, E, B., Addreie, Tloe Prealdeol. SentlonD 

Cntnoeoua, nelea npon ttaeTaxu eectloii of. ■ 

Croiler, A. A.. Hettiodi arbntnehlngln lbelbrii-TaacDlH>r<teai Of plants.. 

Cnlln.S., title of paper 

Cuehlng, H. P., Notea on the Berea grit Id nartbeutern Ohio. 

DhtIi, vr. H.. title or paper 

Dedectlop ofilrdari and truiaei 

DeHatB, v., tilleofpaper 

Deoton, J. K., On Improted arrangeraenl of Sfemens' platlnnm prromater 
ttar Kieaiarement of high laraperatDree by the rarf athm of 
eleotrioal rBilstanoe ■■ 

On the theoretical effect ot erron of olieeT*aUoii Id ealeriiiiv- 

terfor detennlnlng the latent heat of steam 

Devonian In North Amerlea, types 

Deney, F. P.. title of paper 

DlflV'rentlal •qnatloDS of the second and hlsber order* 

Dlller, J. S., title of paper 

Doremns. R. O., tittesof papers 

Drift In centml MIsannri. sab-squeons origin of ...■■. 

Drflngoll*. fatty acldt of. 

Dudley, P. H., Ueohanicnl Inapecttons of rellffajr traoka and reanlla obtained 

tranapoTtntlun otent 

Dynamo doilgn.snalyils 

Dynamometer, irorklng model of a new 

Earth, method of oompnUngthe secnUi oanitmotton of.. ■■.■•.■■ 

Baatman, J. B.. dBoted Vice Praiidant, Beotlon A ^ 

title of paper , 

Eooentrlcltles of guoaslng 

Secies. H. Q.. Siperlmants going to show that anoh iQPgl as FenlcUUaai 

glnacom can eubslat on oarbon dioxide. 

Eehinoeocona, origin, development and pretaleBoy of. 

Eddy. H, T-i A new method of Hading an equlralent unlfbrm load producing 

bending moments spprDxImalely equal to ths nuudmum mo. 

ments under amOTlug tnln , 

— < On the dedeotioa ol girder* and truBMa 

Bnaetlon polygoni and their properties 

Ede*Ius. homologlea of. 

Edgar, J., title of paper 

EJiiOD, T. A.. On a magnotio ttridge or balance lot meaanring magnatlo ooD. 

ductlTlty 

On the pyromagnetio dynamo: a maoblne for prodadng elee- 

IricJty dtreetly fl-opi fuel 

Blectrioal condition of the atmospbere hi fair weather and during a Ihonder- 



n,g,t,7rJM,GOOglC 



Bl«ctroIrel*, improTemfliit in Btmil 

ElsotTomollTC n>n» oT n»BnetliaUon 

ElliDt[,B. B., (IU««orpKp«rB 

Bnglnaiind drnamo, nuuarenieat of apeed bj elaotrielt; 

Mellon , 

EqiilT&lent aniform load prodnolng bemllng DiomenU ■pproilmitelr eqmii to 

the maxim am momenti undor a moTlng trnln, mnUiod of flndlns 

BIhnolofty, trnabitili of. 

BiacDtlia FrooeedinKa • 

Tarlow, W. O., Adilmi, Vloe Praaldent, Secllon V. 

.Soidlum on Jnnlperus VirBlnlana 

— ' Apical jrowth In Fncni 

Farqnhir, H., tUle of paper 

Fattf anlda of tba drying oil* 

Friloir* elBoUd 

of the Aaaociallon 

Fibro-Tascnlar system of plants 

rina, H. B . Thegeomctiic meaning of stngnlnraolutloaaaf dUTerentlalequn- 
tlana of the lacDnil and higher orderi 

Fletcher. A. C On the piwiemtlon of arobaiologic moDumeDta 

Potomac fbrm a tlon Id Virginia 

norlda, geology of. 

FonMiue, W.U., Thefloraof the Fatoman formnlioii Id Virginia 

Food of wnrklnirmen and Its relntion to the work done • 

phT»lolo(«foal and pecnniarj economy of. 

Foaslla In tbe loirer taconlo of Emmona 

FracUonal diallllHllon, apparatua for 

Franklin. W. S., On the electro moll va ferce of magnetliatlOB 

Prlotlon ofeDKlnea 

Fnona, apical loonth In 

Fnndi of the Aeaoolatioa 

Fongl anbalai on oarbon dioilde 

Galrannmeter eollB. method of comparlDg^ ■ 

Gaa. molalare leH after drying b; pboaphorna panloEide 

General Seeretary. report 

' appendix to 

General seaalona Mew TorkMeethig. 

Geological aeclloD of aouthireateni Ohio 

Germination, cbemlatry of 

Qllbert, G. K., Addrgaa. Vice Prealdent, SeoHoD E 

Olrden and iruaaea, deflection of 

Glacial motion, noles upon the theory ot ■— 

Glacier erosion in Monray 

GraulM aadquartiyle oontaot at the Anrars mine, Gogebic Iron tange, at 

Iron wood, Michigan 

Oraen, A. I,., title ofpniier 

Gna cotton, explosion of, on metallic platea • 

Hale, H„ThetmebaalBof Nhnology 

W., Improvement in stand for alectrolyala 

Harkneea. W., On the visibility of objects aa conditioned by (belr magnltnda 

and brlghlneas, nilli applications to tlie theory of teteacopes 

Hart. C. F., On the oiigls, development aod prevalenoy of tb« ao-called 

JBcblnocoocas 
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862 iNDcz. 

HBTt,C. p., tlHeorpaper Ul 

Hukell. J. R., tlUeaor )iap«n Ut, Id 

HlWB!UnIaliinda,s«i>Mllor. ta 

Herrlck, W. H., IndlneC tIMermlnitloa oreilalnia Ut 

BllKHrd, E. W., On tb« proesMM of Mil Ibniuilloa tima the uvrUiiraMam 

bUHlU Ut 

Hill, C.S..elUe or paper XK 

R.T., NoMi upon Che Tsi:»Ma(IOBDr(lHAB«rioaiiarMaoaMU Ut 

Hllcheock. C. H .OenaalaorUwHiiWKlInn laland* IB 

F. R^On tb« homnlogliia of BilutUB M 

PrallmlBiimnpu'oii imctDraarAloMupldlafiiiia ..... Mi 

Rone7'|>lant nl 

i feed product! 13 

Hoaonlr J rellowa o 
HoJtj, H. v., lillB of piip< 
Howe, L,, Utie of paper... 
Hamfin bonea of different 
Bj^romelara 



of the mOTiDg put* of k Meam enrlne. •rnr of oalcnUtion of Uw 



InfUDtg, Mlsntiao Imsl* of feeding 

Iron, effect upon Clieatrength wblle under > isBalla *lre«e •■. 
Istbrnlaa Craoelt, question or, 

Jeoobna, D. 8.. Brror of ■pproxlmate ealoulatioD* of the «0 
of Ui« moTliiK parte of a ueam engtiia 

Jamaa. E. J.,t)tlee of papers 

J. F., Qeologlasl section of eoulhtreetem Ohio 

' nnd U. F., On the HontkulIporoM oonle of the 

vlth a critical reTlilon of the speoles. 

Jaatros, J., A point In derniiil phrilolagr irltb demoDatrationofa new B»- 

■ ■ . — LoeornotlOD and bilateral •; mmetr; 

■ — Bensorr trpea of memory and appreciation ■ 

Jahason. A. B., tltlas of pnper ; 
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